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P-ROGEEDI-NGS
8:30 a.m

CHAl RVAN WALLI S: This is the Subcomm ttee
on Thermal - Hydraul i ¢ Phenonena. | am GrahamWallis,
Chai rman of the Subcommttee. The other ACRS nenber
in attendance is Victor Ransom The ACRS consul tants
i n attendance are Sanj oy Banerjee and Virgi|l Schrock.
For today's neeting the Subconmttee with review
portions of the Ofice of Nuclear Regulatory
Research's Thernmal - Hydraul i ¢ Research Program

Specific topics to be discussed incl ude:
The Phase Separation Test Program being conducted in
the Air/ Water Test Loop for Advanced Ther mal - Hydraul i c
Studi es Experinental Facility | ocated at Oregon State
University; and the status of the TRAC-M Code
consol idation and docunentation effort; and the Rod
Bundl e Heat Transfer test programbei ng conducted at
t he Pennsyl vania State University. The Subconmittee
will also review the proposed Resol ution of Generic
Safety |ssue 185, Control of Reactivity follow ng
smal | break, | oss of cool ant accidents in pressurized
wat er reactors.

The Subcommittee wi || gat her i nformati on,
anal yze relevant issues and facts and fornulate

proposed positions and actions as appropriate for

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

5

del i beration by the full commttee. M. Paul Bennett
i s the cogni zant ACRS St aff Engi neer for this neeting.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this neeting previously published in the Federal
Regi ster on June 11, 2002. A transcript of this
neeting will be kept. At the present nonent it is
being recorded and the transcript wll be nmade
avail able as stated in the Federal Register Notice.
It is requested that speakers first identify
t hensel ves and speak with sufficient clarity and
volume so that they can be readily heard. W have
received no witten conments or requests for tine to
make oral statenents from nenbers of the public.

We are now eager to proceed with neeting.
| will call upon Steve Bajorek fromthe NRC s Ofice
of Nucl ear Regul atory Research to begin.

DR. BAJOREK: Thank you very much and good
norning. My nanme is Steve Bajorek fromthe O fice of
Research. 1n the past we have typically tal ked about
the test prograns all at once, |ooking at several
prograns all within the same norning, all within the
same day.

Today what we woul d li ke to start doingis

focus on each of these test prograns one at a tine.
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6
Today we wi Il take a | ook at the ATLATS facility, the

test programthat's being conducted at Oregon State
University. In future neetings we hope to focus on
some of the other test programs that are bei ng done to
devel op nodels for TRAC-M and to resolve other
i mportant issues for research nanely being the
subcool ant boiling project at UCLA.

| think we will be |ooking at that next
nmonth and in the future the rod bundl e heat transfer
program Like we started some work at Penn State,
we' ve recei ved some test results. That's why we want
to talk briefly about that this afternoon in
anticipation of a future neeting.

VWhat we would like to accomplish this
norning i s to update you on efforts over the | ast year
to devel op i nproved nodels, refine the test data, to
| ook at entrai nnent in a horizontal pipe where we have
an upward oriented branch |ine. Some of this
comm ttee was at Oregon State | ast year. W | ooked at
the test apparatus. W had a nunber of comments on
that. W are going to try to resolve sone of those
t oday.

In addition | would like to outline sone
of our other confirmatory work that we're | ooki ng at

now. We anticipate starting in the fall and through
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the early parts of 2003. These are also very mnuch
related to the problemthat we will be | ooking at with
ATLATS.

In the format that we hope to get out of
t hese neetings is we want to get your feedback. What
do you think of the nodels? Wat do you think of
data? \What are your suggestions for refining the
program and coming up with nodels that woul d be of
nor e val ue when we put theminto a code | i ke TRAC-Mor
RBHT.

Now the air/water test |oop for advanced
thermal hydraulic studies also know ATLATS was
constructed in about 1999 and was intended as a
facility to | ook generically of the problemof phase
separation when you have a horizontal pipe with a
branch |i ne.

I n general the probl ens of nost i nportance
for small break where you have a relatively smal
orifice connected to a |l arge pi pe and the questionis
how nmuch of one or the other phase is swept along with
ei ther the gas or the |iquid dependi ng on whet her t hat
branch line is at the top, the bottomor at the side
of the pipe.

One thing | would ventureto state is that

the interest has been probably been directed nost at
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the bottomoriented break because that’s of the nost
critical inportance for a small break accident. At
| east in evaluation nodels that's the orientation you
woul d get your highest peak cladding tenperature
because it drains systemto the | owest |evel.

However in the AP600 design certification
it was noted that correlations and nodels and rel ap
had a very difficult time trying to predict the phase
separation for this upward ori ented branch. Therefore
the initial test that were run in the ATLATS facility
focused in on this upward faci ng branch and was tryi ng
to get test data and i nproved nodels for getting the
carry-over into the branch |ine which woul d represent
the 80 as for systemin the AP600.

This is of critical inmportance to an
advanced pl ant because highrates of Iiquidcarry-over
intothisline one depletes inventory fromthe primary
systembut al so i ncreases the two-phase pressure drop
t hrough the ADS and | engthens the duration of tine
that you would have to wait before the | RAST woul d
come on and bring additional coolant into the system
So nost of the work has been directed towards that.

Now nost recently the same issues have
come back again in the design certification for the

AP1000. As we reviewed the test progranms and we
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| ooked at scaling for tests that were wused to
benchmar k t he West i nghouse codes f or AP1000 two t hi ngs
stood out. First it was very difficult one even to do
the scaling analysis froma bottom up point of view
because of the lack of information for phase
separation for this upward oriented branch and the
conplications that we see by having a branch line in
t he horizontal pipe. Typical flowpattern maps |ike
Titel Ducler (PH) don’'t adequately represent what
we’ ve observed in facility.

But maki ng use of what we could at that
time a couple of things were very clear. The higher
superficial velocitiesthat we woul d expect i n AP1000,
75, 76 percent uprating in power conpared to AP600
woul d give us onset at much | ower | evels of water in
the horizontal pipe. W would expect that the
entrai nnent to occur over |onger periods of tine and
t o have hi gher entrai nment rates into the branch line
of ADS-four system This is very inportant for the
AP1000 because of the uprated power for operating nuch
closer to the conditions where we nmay get sone core
uncoveri ng.

Secondly, one of the paraneters that’s
i nportant for sizing and scaling of the branchlineis

the ratio of the branch line dianmeter (d) to the hot
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|l eg diameter (D). One of the notivations for ATLATS

with respect to AP600 is that ratio was significantly
| arger with that whi ch had been typicallyinvestigated
in other facilities. Most of the previous work had
| ooked at branch lines to main pipe dianeters on the
order of O0.1. In AP600 that ratio is 0.34. [f 1
remenber correctly for AP1000 it’s O.46.

So if we had trouble in AP600 justifying
these correlations for branch line entrainment and
carryover the situation beconmes alittle bit worse for
AP1000 because we're even further away from the
initial database.

The ot her i ssue that was identifiedinthe
AP1000 scaling was the upper plenumpool entrai nnent
and carryover, a very related phenonena. W al so
found that it was i nproperly scal ed and that the test
data didn’'t adequately cover the range of conditions
for the AP1000. The reason | bring this upis we're
| ooki ng at ATLATS as being a test facility to help us
| ook at that problemin the future. As Dr. Wi will
show everyone in a little bit, the ATLATS facility
t akes the vessel scal ed one to one with APEX, the hot
| eg scaled one to one with APEX and then the branch
i ne and does a good representation of the vessel to

hot leg to ADS fornat.
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W think we may be able to use ATLATS

because it’s | owpressure, |lowtenperature, air/water
to | ook at some phenonena for pool entrainnent with
some proper nodifications of the facility to help us
address this.

CHAI RVAN WALLI S: It’s actually nore
i nportant because the nost that entrainment fromthe
hot leg can do by itself is enpty the hot |leg. But
if you get a carryover from the vessel and you
enptyi ng the vessel as well.

DR. BAJOREK: In sonme regards it conmes to
a matter of timng. Early in the transient maybe
right after ADS-1, 2, 3 or early in the ADS-4 the
situation we would look at and where Dr. WIS
i nvestigation would help is getting entrai nnment when
we have very high levels over in the hot leg. Well
but at that point you' re really not worried about
uncovering the core. You re worried about getting to
that condition. So how quickly things are entrained
and how they are entrained are very inportant.

The ATLATS should help wus get at
entrai nnent which we’'ve noted occurs due to
intermttency in this part of the hot Ieg and due to
a coherent plug that forms when the |evels are high

novi ng back and forth between the steam generator
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inlet plenum and the branch line. Most of your
entrainnment is Jlocalized over in this region.
(I'ndi cating.)

CHAI RMAN WALLI S: Whol | y coherent plug
because there’s no steamflowin that steamgenerator
si de.

DR. BAJOREK: Yes, this side is
effectively plugged and at |east there’s a high --

CHAI RVAN WALLI'S: Fluidis being punpedto
the right and there’s nowhere to go.

DR. BAJOREK: | think what we saw in the

facility we get nmomentum in part of this plug. It
goes up. It cones back. It covers the plug up and
back. It’s trading off kinetic energy and potenti al

energy in this plug.

CHAl RVAN WALLI'S: It’s very different.

DR. SCHROCK: And the two-phase slug as
you’' ve described passing the ADS-4 involves an
entrai nnent process that has nothing to do with the
| evel for incipient entrainnent with the quiescent
stratified surface present. So the point I'dliketo
make at this stage is that there should be a | esson
| earned here about how the nodels and the codes are
exam ned when they are applied to a new situation.

It goes back to AP600. We didn’t ask hard
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enough questions there about the physics of what’'s
happening in this hot leg. It was sinply presuned
that that correlations that attenpted to take care of
this kind of thing and had been devel oped i n t he past
woul d serve reasonably for this purpose. The fact is
t hey don’t.

There should have been in the AP600 a
program to get experinmental data that would answer
these questions. It didn’'t happen then under DOE s
sponsorship and it didn't happen again under
West i nghouse sponsorship for AP1000.

It’s really a little ridicul ous that NRC
shoul d be paying for this when the beneficiary of the
activity is nmaking these absurd argunents over and
over again that everything fits nicely and we have
creditabl e calculations. 1ndeed they do not exist.

CHAI RVAN WALLI S: How do you use Tide
Dougl er (PH) for right-hand side of your picture with
this? There’'s no flow or the flowis solitary.

DR. BAJOREK: | think the lesson is you
shoul dn’ t. It may apply over a year and maybe the
m sconception that started with AP600 i s that you can
just go ahead and use that. |It’s a horizontal pipe.
M ssed nmaybe in that initial review is that the

phenomena were just conpletely different. It may

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

14

work if you had your classic |arge break where they
was co-current all the way through the steam
generator. You still have sonme questions. But this
is conpletely different fromwhat that had been.

DR. BANERJEE: |If | recall in the AP600,
we presuned as | was involved in the scaling that the
flowinthe ADS-4 syst emwas honogeneously equilibrium
even upper bound.

DR, BAJOREK: Yes.

DR. BANERJEE: That at |east got the
i nventory down fastest and the pressure down sl ower.
In fact it wll inprove because of the phase
separation here. So | think we did a boundi ng scaling
cal culation there. | don’t know how good that was.

DR, SCHROCK: | wasn’t criticizing the
scal i ng.

MR. BOEHNERT: Maybe we shoul d. The
exam nati on of applicability of correlations that are
in the codes.

DR. BAJOREK: There are two avenues to the
scal i ng and we did fol |l owyour nethodol ogy for what we
would call a top-bottom scaling approach. | t
gl obal i zes many of the things that you may mss if you
start | ooking at the details. Were this started to

show up i s when we di d the so-cal |l ed bottom up scal i ng
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approach. Wen you start | ooking at fl owpatterns and
entrainnent and you need those correlations for
specific phenonena, that’s where things like this
start to crop up and you can see the uncertainty.

CHAI RMVAN WALLIS: | see in oscillations
there’s a systemeffect that this plug goes up ADS-4
and gets ADS-4 invol ved and there’s a drop and then it
changes this vapor flowrate. Mybe if we don’t nodel
this part right you won’t nodel the oscillations
right.

DR. BAJOREK: That’s true.

DR. SCHROCK: Let ne nake a comment at
this point that maybe you could address as the
presentations go on. The problem| generally had or
have seen in the past with a lot of this work on
separate effects, correlations and what not, there’'s
never any plan on how you are going to actually
i ncorporate that into the code.

I n ot her words, are the paraneters you're
actually using in the correlation available in the
code? How are they going to fit in the framework of
the code? If youcan't put it into the code or |eave
it to sonebody else, then there are always gaps
between say the investigation and the actual

application in the end.
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We have fallen down on that point | think
repeatedly sothat it’s very necessary to benchmark it
agai nst what you have at the current time and al so
devel op a framework for howit’s actually going to be
utilized in that code. |In fact, that should be done
first. Then the experinment should be planned.

DR. BAJOREK: After Dr. Wi's done, | w |l
talk alittle bit about that. Yes, one of the things
we are trying to doin the branch is as we do the test
prograns, begin to nmake those nodifications to the
code, do the validation on the nodels then so that you
know if they work or they don’t work or what needs to
be refined whil e the test programis active and not do
so a couple of years hence after you may have even
torn down the facility or the peopl e have di sappear ed.
W' re attenpting to do that.

From our neeting |ast year, there were
several issues raised. One had been around based on
Dr. Schrock’s comments i n | ooking at sonme of the early
literature project reports that we had. They weren’t
focused on the problem at hand which was | ooki ng at
the upward facing branch line. It was difficult to
segregate out what we really hoped to gain fromthis
series of tests because it was m xed in with work for

si de-oriented branches and down-ori ented branches.
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I n addi tion, how sonme of the works were
ref erenced and descri bed were confusi ng. So we asked
that this part of the report be revised. W’ ve gone
t hrough there. W' ve reformatted it. W think we’ ve
made it nore accurate at this point.

MR. BOEHNERT: 1'd like to make another
conment al ong those |lines that you m ght want to think
about. It’s along the lines | think what Virgil was
tal king about. This is oriented only towards the top
rig. Nowthere are bottomrig probl ens where you have
vapor pull-through which is the anal ogous situation
with the entrai nment phenonmena. Side branches were a
conbi nati on of the two.

If this is to be generally useful to the
NRC | would think you would want to address all of
t hese because the sane nodel or type of nodel is used
in the codes for each one of these processes. So it
woul d seemt o be good t o have a programwhi ch i s goi ng
to address maybe tonorrow it mght be a bottom break
you m ght want to | ook, an instrunmental |ine break or
sonmet hing. So you would inprove those as well.

DR. BAJOREK: The long term scope of the
project as | nmentioned at the facility was to | ook at
ot her orientations. It’s nmore the concerns with

advanced plants in the upperward phasing branches
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deriving those tests be first. But inthe long term
plan, it would be to | ook at these ot her orientations.
Ri ght now we wanted to try to focus on that.

Two of the other issues that stem from
| ast year’s nmeeting is that one the flow plans were
very highly oscillatory, intermttent. Nowhere near
the classic horizontal stratified smooth interface
that has been the starting point for many of the
nodel s for onset and for entrai nment.

As we noted previously the typical Titel
Duclar (PH) flow patterns descriptions based on co-
current flow really don't help out the type of
oscillations that we see in the ATLATS facility which
we expect in APEX and to an extent in the AP Advanced
Pl ant Desi gns.

Li kewi se the nodel devel opnment that | ast
year was prelimnary, it was based on again
assunptions that the fl ow was going to be hori zont al
stratified. W learned that it’s not really the case
and that the flowwas significantly nore oscillatory.
So i n changi ng the direction of the programsince | ast
year we’ve asked OSU to go back, redo the literature
survey, make sure that the database was directed nore
towards the problem at hand, and that the nodeling

efforts should try to capture nore of the correct
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physics for the situation. Don’t necessarily tie
ourselves to the idea that this is a horizontal
stratified flow. Assunethereisintermttency, sone
type of an oscillating plug in this hot leg that we
have to incorporate into the nodel.

In addition we had data from the pipes
bei ng capped off at the end, return lines fromthat
side, no steam generator, with steam generator. W
said let’s focus on the data that’'s closest to the
physi cal situation of the entrance which was where we
had the steam generator and an inlet plenum
essentially bl ocked off fromthe rest of the | oop but
we woul d have the situation where we induce these
oscillations and have the steam generator at | east
interacting with that part of the |eg.

So we’ve asked them to go back and do
t hat . But we didn't change the overall objection
however which is to devel op nodels for a relap or a
TRAC-M that can be used with the primary quantities
that the code predicts. W need to try to get at
things that the code can use and not try to track a
plug going in the hot |eg because the code numerics
are not set up to do that but rather cone up with
nodel s then you woul d get the gl obal integrated mass

fl owout the branch |ine or the ADS systemover dozens
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of seconds, maybe hundreds of seconds. That’'s the
time scale that’s of inportance to AP600 and AP1000.

W don’t hope to try to capture the
i ndividual blips and spikes that occur from the
oscil l ati ons but rat her get sonet hing that can capture
the integrated effect of this over a nuch |onger
period of tine.

CHAl RVAN WALLI S: So you're really
devel oping a correlation or a nmethod for predicting
what happens i n AP600 and AP1000. One shouldn’t then
take the resulting correlation and apply to a |one
type without a steam generator.

DR BAJOREK: No, | don't think so.

CHAI RVAN WALLI' S:  So you are not providing
a general tool for a code with any kind of branch |ike
this. You are doing sonething very specific for the
particul ar geonetry of AP600 and AP1000.

DR. BAJOREK: One of the things that Dr.
Wi is going to describe is in his nodel he’s going to
come up with a method for | ooking at the wave | ength
in the pipe relative to that pipe dianeter. He' s
found that this nodel does an adequate job of not only
t he ATLATS data but al so for the situations where you
woul d have co-current flow in the pipe.

Now ext endi ng t he nodel beyond AP600 and
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AP1000, | think still is going to need sone additional
nodel devel opnent. We shoul d probably | ook at sone of
the earlier data where we didn't have the steam
gener at or .

MR. BOEHNERT: How do you reach a
conclusion concerning cocurrent flow wth that
experinmental facility? Are you doing sone new
experiments?

DR. BAJOREK: No, some of the ol der
experinments had it either capped off or in sone of
themit was open over on that other side. So we would
have to look nore closely at those types of
experinments. But, no, you'reright. At this point we
are looking at this nodel as being sonething that’s
appl i cabl e when you have a steam generator on that
si de and you have interm ttency i n that regi on bet ween
the branch |ine and the steam generator.

MR. BOEHNERT: One of the things that you
haven’t nentioned that | had comrented on while we
were at the facility is the fact that the construction
gives riseto theserelevantly sharp corners that the
flow has to pass through. Going out of the vessel
into the hot | eg you have a cylindrical surface which
intersects another cylindrical surface wth a

different access orientation. The edge is sharp.
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It’s not a snoboth pattern as in the reactor

|’ mnot so sure but what that plays arole
in that devel opnment of these slugs. To the extent
that it’s a typical then the information that you’ |
get from the experiments involving any kind of
intermttent flow seenms to ne renmins suspect as to
whet her this would still be suitable for the nicely
rounded entrance that you have in the reactor
geonetry.

DR. BAJOREK: | can’t say that we’ve
really taken a harder | ook at that. One of the things
that we did do and Dr. Wi will show you sone of the
results as we did | ook at tests where the injection
was different into the vessels rather than bubbling
everything through the porous colums. It was
injected toward the top at | east trying to affect that
interface and how things got into the hot |eg. I
think it will show that there wasn’'t a whole | ot of
di ffering.

Now t hat still doesn’t get at whet her the
sharp edge was affecting there but it’s alittle bit
of an indication of howthings were comng fromthis
vessel into this hot | eg which were a bit robust. But
no, we really haven’t address that.

MR.  BOEHNERT: You're still wusing or
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attenpting tousethelevel for incipient pull-through
in the correlation schene as | read these docunents.
One of the things that | wanted to point out that we
hadn’t di scussed before is that the technique for
observing that in the previous experinents differed
fromone to another

For exanpl e, KFK used an acousti cal nethod
to indicate incipient pull-through. Wereas in our
experinents, it was observed visually. There was a
noti ceabl e difference, a coherent difference between
the tw. | don't find this nentioned in the
docunentation that 1’ve read on this so far. It nmay
be a relatively mnor point but it’s sonmething that
ought to be exam ned anyway.

DR. BAJOREK: Okay. 1’1l look into that.

DR. SCHROCK: Ontheliterature survey and
the material that was provided | noticed that m ssing
was what ever was in the codes that you are trying to
fix. It would have been very interesting to have
benchmarked what the correlations are predicting
relative to what the codes are currently predictingto
know nore where the inadequacies are. Il like to
suggest that you do that.

DR. BAJOREK: | hope we can do that once

we get this nodel and we can start doing a cross
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compari son in the codes.

DR. SCHROCK: The secondary advant age of
that of course is that it would make the people nore
famliar with what is in the codes and then t hey nmi ght
have a better idea of howto fix this.

DR. BAJOREK: It’s the Rothe correlation
that | don’t think you have that on sone of that.

DR. WJ:. Thisis Qao W fromOregon State
University. It was Dr. Schrock’s correlation inside
and we spend three nonths trying to noderate the user
-- five and try to address it the problem you
nment i oned.

DR, SCHROCK: It would be nice if the
result was in the report.

DR WJ.  Yes.

CHAI RVAN  WALLI S: | think whatever
West i nghouse uses, they can tweak it. Wen they tweek
it, they can sinply we have nore entrai nment and the
hot leg level just goes down a bit. That’s no big
deal because you're not enptying the vessel.

DR. BAJOREK: They are supposed to cone
back with a report where they are going to be | ooking
at those types of things. The end of July is when
we’' re expecting that. W have one where t hey conpared

two codes, one w t hout an entrai nment nodel i n the hot

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

25

leg and the other one | believe is Dr. Schrock’s.

You get significantly nore entrainment in
that. You see a big difference in the codes but we
still need the sensitivity | think to other nodel s and
then something that says whether those nodels are
bounded or at |east reasonably represented by
hopefully this type of experinmental data. Wth that
|”mgoing to turn it over to Dr. Wi who is going to
t hrough the nodels and the | atest work.

CHAl RVAN WALLI'S:  Thank you very rmuch.

DR BAJOREK: Thank you.

CHAI RVAN WALLI'S: And you want a final
word before | unch?

DR. BAJOREK: Yes, | have about three
over heads to tal k about the integral tests that we are
pl anning for, the APEX facility and just a coupl e of
brief comments on actually --

CHAI RVAN  WALLI S: Could 1 ask the
transcriber are you ready for the transcript now or
you still setting up?

COURT REPORTER: |I'mstill setting up.

DR. WJ;. Good norning. M nanme is Q ao
Wi, Assistant Professor at Oregon State University.
My presentation today is "Phase Separation at an

Upward Oriented Vertical Branchin a Horizontal Pipe.”
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The focus will be nostly about the progress after the
| ast year or two July 16 ACRS neeting at Oregon State
Uni versity.

The progress covers four parts. The first
is on a database review update. The second one w ||
be the facility introduction and just a review a
little bit. W will deal with sone instrunentation,
eval uation according to t he ACRS suggestion. Next |I’'m
going to tal k about the entrainnent onset study and
t he entrai nnent rate study and al so t he experi nent and
nodel i ng appr oach.

So the database review update was in
response to ACRS s comments. Oiginally the dat abase
| argely included the side branch vertical main pipe,
all these different mechani sns m xed together. It’s
too | arge conpared with what we are studying ri ght now
on the upward horizontal branch. So we narrowed it
down and put nore efforts on the description.

O the tester facility, it tests the test
condi tions, instrumentation, nodel devel opnent of each
investigation. Also it did a cross conparison. The
cross conparisons were rmainly just for the
correl ati ons since each correl ati on presumabl y mat ches
their own data. So that’s also our --

W didn't nmention the neasurenent the
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di fference whi ch was constantly consi stent because of
the shift of ten different investigations. That was
Dr. Schrock’s investigation and we’'re going to | ook
into that and add it to the summary and the
compari son.

The dat abase currently i ncl uded t hese si x
i nvestigations. The first one was originated by Dr.
Zuber. It doesn’'t have an experinent and nodeling
efforts but it does have a scaling analysis and al so
recommended a correlation for the scaling analysis.

Afterward Crowmey did an entrainment
onset experinment that it tested the data. | only
found one point in the platformin a graphic form
It’s not tabul ated for the entrainment. Also the KFK
has extensive work. They had two reports, one by
Rei mann and the other one Snoglie, her thesis. The
nodel appeared in Snoglie thesis so their testor were
correlative for air/water and a main pipe dianeter
which is much greater than the branch di aneter

| n Berkel ey under the | eadership of Dr.
Schrock, they did an air-water and steamwater test.
Again the branch sizes are very snall. It's 3.96
mllimeter for the steamwater tests. For the air-
water test it goes to about 2 centineter.

In 1989 Maci aszek and M caelli (CEA) did
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steamwat er test but they presented it in a graph form
and a non-di mensional formso it’'s very hard to get a
nmeani ngful result for the cross conparison. They
recommended that their own entrainment onset
correlation and entrainnent rate of correlation.
Finally JAERI did an air-water test and they have heir
own entrai nnent onset of correlation. So this is six
i nvestigations that were covered by the database
revi ew.

DR. SCHROCK: You two of the five here
that involve steamwater as opposed to air-water
simulation. In the experinents that we did we found
that the air-water and steamwater data agreed quite
wel | when the break was in the steamvol unme. But when
it was subnerged, it appeared that there was a
viscosity liquid, viscosity effect.

As far as | know that is still an
unresol ved issue. It seens to me that we’re the only
ones that have reported that in this context.
Al t hough i n studi es of draining of |liquids fromtanks
and | ow gravity, Catton (PH) had al so suggested a
liquid viscosity effect for that problem

| f you are goingto extend this eventually
to look at the submerged breaks | think that’s an

i ssue that ought be reexam ne because it seened to be
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a clear effect in our experinments. It’s a nystery to
mne as to why it was not observed in the French
experinments for exanple.

DR, WJ  Yes sir.

DR, SCHROCK: Maybe it’s because they
didn’t do air-water | guess is the answer.

DR. WJ: The action is we’'re docunenti ng
the data for the steamwater only the KFK data i s wel |
docunented. You can find the CIGGRF -- for the rate
of pressure but --

DR. SCHROCK: But there’'s a specific
recormendation in our report that it was an
unresoluted issue that needed to be |ooked at.
Anot her one was that we thought we sawa roll for the
liquid axial velocity past the break which of course
nodi fies the flowpattern for the I'iquid being sucked
intothe break in the steamvol une. That one | think
in my mnd remains unsol ved.

Inthis particul ar applicationit appears
there is no steam flow past the break. Al of the
steamgoing into the hot | eg goes out the break. But
in other applications and certainly in all the
experinments there was a fl ow past the break that has
an influence whether it’'s small or |arge depends on

the circunstances.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

30
DR. BANERJEE: Can | ask you a coupl e of

guestions please? \Wen you have ADS-4 initiation
what’ s the pressure and what are the tenperatures in
t he systen?

DR. WJ  The full pressure automatic. M
understanding of the pressurization is at full
pressure you open it to pressurize the system

DR. BAJOREK: This is Steve Bajorek from
Research. At the initiation of ADS-4 you're up at a
pressure that corresponds to T-Hot. | think you' re
around 1100 or 1200 psi. This rapidly vents down to
atnospheric. | think you spend nost of the transient
around 50 or 60 psi towards the end of it. So it is
a transient.

DR. BANERJEE: And the physical
properties, how nmuch do they vary in ternms of surface
tensions and densities conpared to air-water tests?

DR. WJ: There's arange. Density for air-
wat er you are tal king about the -- process.

DR. BANERJEE: Sort of take a few points
along it and give us an idea.

DR WU Say maybe 200 to about 800.
Initially maybe 200 the density ratio and you create
it to vapor and then finally it goes up until about

800. Thus the increase to 800.
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DR. BANERJEE: So 50 or 60 psi is where

you spend nost of your tine and your air-water
experiments are at simlar conditions.

DR WJ:. Qur full capacity is 110 psi.
That’ s our conpressor.

DR. BANERJEE: And what about the surface
t ensi on? How does that sinulate? It would be niceto
see a conparison of thernmal-physical properties
bet ween what you are doing in ternms of a sinulation
with air-water and the range of conditions that you
woul d get with the steam wat er systemt o under st and at
| east what the variables in this process are and what
t he rel evant nondi nensi onal nunbers m ght be.

DR WU | agree but when we did the
facility design basically according to the original
Zuber scal i ng approach --

DR. BANERJEE: Who's scaling approach?

DR WU Dr. Zuber. It’s basically a
Froude nunber simlarity in the hot |Ieg. To ny
understanding it’s basically the pressure of the fluid
in or fluid condition in the hot |eg. Under the
entrai nnent, the process nostly for the previous
research found it to be like a Bernoulli effect. In
entrai nnent you create the foam free surface and

didn't consider the surface tension there. Wen we
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designed our test facility and designed our test
matrix we didn’t factor that viscosity and surface
tension effects into it.

DR. BANERJEE: Surely entrainnent nust
i nvol ve sonet hing other than the Froude nunber.

DR WJ.  Yes.

DR. BANERJEE: So what is the | ogi ¢ behi nd
not havi ng a weat her nunber or sone sort of capillary
nunber or sonething there?

DR WJ It’s like -- It’s the stability
if you consider both the gravity and the surface
tension as the stable force then you have to consi der
surface tension effect. There is a previous study by
Dr. Schrock and Dr. Zuber suggesting and al so the CEA
correlation and they all throughout the surface
tension effect that only using the gravity effect as
the stabl e force exani nes the way we didn’t test it so
we deci ded we didn’t need to go further toinvestigate
the surface tension effect when we design our
experi nment .

DR. BANERJEE: Is there not surface
tension effect?

DR WJ | can’t say.

DR. BANERJEE: Very simlar probl ens occur

in chem cal plants.
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DR WJ:.  Yes.

DR. BANERJEE: Onset of entrainnment is
very governed by surface tension what goes into the
emergency relief pipes.

DR WJ Yes. |’maware of that.

DR.  BANERJEE: So it’s strange that
surface tension doesn’t play arole here. |f you have
air-water and steamwater surface tensions nore or
| ess the sane you woul d get sim | ar phenonmena. But if
you are trying to capture sonmething where there’'s a
wi de variation in surface tension because of the w de
variation in pressure and tenperature, one would
surely want to informthe correlation about surface
tension effects.

DR WJ | think I"'mgoing to look into
that to see what’s around here for the prototype
condi ti on. But for ny air-water test facility, |
don’t think I can vary the surface tension. It’'s a
room tenperature and at nospheric.

DR BANERIJEE: It’s fairly sure that
there’s no surfactant effects here at all?

DR. WJ: |I’m not sure because we didn’t
put the tinme on that so we didn't look into the
surface tension effect on this entrainnment effect.

That’s later. Next please.
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CHAI RVAN WALLI'S: VWhile we’'re | ooking at

the figure there, the database, | |ooked at the
di agrans that you had of these various facilities in
one of your papers or sone other that cane through.
It | ooked to nme as t hough t he Cr owl ey- Rot he experi nent
had a side break. It looked as if the KFK figure
2.3.4 showed a slight on the side and on the top. But
the Rothe figure shows it on the bottom of pipe.

DR. WJ: Because these i nvestigations are
not only for the upward branch.

CHAI RVAN WALLI S: If you are only going to
conpare with upward oriented options.

DR WJ.  Yes.

CHAI RMAN  WALLI S: So it seens very
confusi ng havi ng these di agrans of Crow ey- Rot he and
KFK and Schrock whi ch showed sonet hi ng el se. But you
are only going to sel ect data where they had the pipe
orientation |ike your pipe orientation.

DR. WJ:.  The ways we copied their figures
into the view. Since they did several conbinations
like a vertical side and vertical up and the bottom
they only show the one systemplotted. O herw se we
need to replot it.

CHAI RVAN WALLI S: But it is clear then

that you only selected the data from an upward

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

35

oriented branch.

DR WJ:. Yes, that’s in the report.

CHAI RVAN WALLIS: It’s msleading if you
just look at the figures that you have there. For
JAERI | couldn't figure out the break at all

DR. WJ: They actual ly concatenated their
branch.

CHAI RVAN WALLI'S: | think it’s inportant
because | think we realize fromyour experinents that
the system matters. It’s not just the break
orientation | worry about |ooking at those figures.
| ook how | ong was the pi pe and what was at the end
of it and was there a chance of slugs form ng and al
t hat . It’s hard to tell. Maybe your final report
needs a better description of what these other people
actual ly did.

DR. SCHROCK: Those past experinments we
were charged with getting data for entrai nment froma
stratified upstreamregion. So the experinents are
designed to produce a stratified upstream region.
That takes sonme doing. It doesn't just happen all
that easily.

The descri ption of the experinent i nvol ves
a lot of detail which is swept under the rug in your

description of the background. If the literature
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survey has a purpose it’s to understand all the
information that can be gl eaned fromthat assortnent
of experinments whi ch have di fferences, naybe i nport ant
differences, and you're not going to find any
i mportant differences if you don’t pick up the rocks
and | ook for them When you read your report it
doesn’t | ook |ike you picked up very many rocks.

DR WU "1l put nore effort on the
conparison of the tester facility to nodify it.

MEMBER RANSOM  One thing maybe you can
clear up for me. Fromall the diagrams and everything
it looks Iike the steam generator is voided and you
woul d have steamflowi ng up. Unless there is no heat
sink there maybe sonebody could help nme on why there
is no through flow.

DR. WJ It’s so the loop’s -- The cold
leg is | ooped back into the reactor vessel

VMEMBER RANSOM You still have the
possibility of condensation in the steamgenerator |
woul d assune.

DR. WJ: That conpared with the ADS-4 |ine
beneath. W need to connect it up sonme nore.

MEMBER RANSOM So is secondary side
voi ded under these conditions?

DR. WU Yes, it’s a nonreserved
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condition. |It’'s the --

DR. BANERJEE: Until it clears the |oop
seal if | remenber now.

VMEMBER RANSOM But normally you woul d
think you would have steam going up, down and
condensing in the tube.

DR BANERJEE: Yes, it doesn’t act as a
heat sink under these conditions.

CHAl RVAN WALLI'S: Heat source, isn’'t it.

DR. BANERJEE: It’s a heat source in fact.

MEMBER RANSOM  To the secondary si de.

DR BANERJEE: Yes, if there is --

MEMBER RANSOM  Ckay.

DR. BANERJEE: |’ mjust thinking back five
or six years now. Joe is sitting there. He knows
this stuff. Wat’s happens there exactly?

DR. BAJOREK: This is Steve Bajorek. At
this point, the steam generator, ADS-4, has becone
largely ineffective. It is full of water. It’'s a
heat source but because there is no |l oop seal in the
AP600 or the AP1000 and there’s enough water in the
cold |l egs and t he down coner you don’t have nuch fl ow
going through there. So after | think it’s the ADS
1,2,3 initiate and you' re getting to this ADS-4 the

steam generators are pretty nuch out of the picture.
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MEMBER RANSOM  Ckay.

DR WJ. It further has a vol une cushi on
to affect this oscillation. Wthout that the steam
generator is totally ineffective.

CHAl RMVAN WALLI S: To follow up on ny
guestion, are you going to show us what Crow ey and
Rot he did so that we can get an idea of how rel evant
it is to your work? O are you just going to take
sone data points and put themon a graph? | don’'t
under st and what these various people did froml ooki ng
at your report.

DR. WJ: Do you nean the correlation w se
or experinment w se?

CHAl RMAN  WALLI S: Wiat did they do
physically? \Wat was the Crow ey-Rot he experinent
physically for exanple? | don’t understand enough
about it fromyour report to know howto judge howit
fits into your work.

DR. WJ: | didn't planto go through that.

CHAI RVAN WALLI S: You’ re not goi ng to show
us a picture of their experinent.

DR WJ: No. | tried to present what we
did and | thought that it was --

CHAl RVAN WALLIS: At least Dr. Schrock

knows what he di d.
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DR SCHROCK: Alnost. (Laughter.)

CHAI RMAN WALLI S: This is a test to
recal | .

DR. SCHROCK: It’s alnost 20 years ago.

DR. BANERJEE: See if you renenber.

CHAI RVAN WALLI' S: | ought to renenber the
Crow ey- Rot he.

DR. BANERJEE: | guess the nore general
guestion is are you going to be using data sel ected
for upward facing takes or whatever fromany of these
two shore up your correlation.

DR WJ W are going to use this one,
Berkeley data and the KFK data. They are well
docunent ed. For the CEA and JAERI their data was
published in nondinmensional form and we couldn’t
reprocess it. W sent a letter to JAERI, Yononoto,
and he said he doesn’t have notivation to send us the
raw dat a. So we only have these two data sets
avai | abl e.

DR. BANERIJEE: But do they also have

upward faci ng?

DR WJ:  Yes.

DR BANERJEE: JAERI and the French.
DR WJ:  Yes.

DR. BANERJEE: They do?
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DR. WJ: They have t heir experiment there.
They are al so proposing that the correlation and we
conpared with their correlation instead of their data
because we couldn’t get their data.

DR. BANERJEE: Because the ratios are
cl oser to your conditions than sonme of the ot her data.

DR. WU That’ s right. So we assuned
their correlation fits their own data so we conpared
with their correlation because we couldn’t get at
t heir data.

DR. BAJOREK: Dr. Wi, | think the point
that we really want to nake is that out of dozens of
studi es that have | ooked at offtakes relatively few
have taken a | ook at the upward faci ng branch. These
are the ones that we think are cl osest to what you're
| ooki ng at. However in no case do they have a steam
generator or sonething on the other side of this pipe
t hat woul d i nduce this oscillating plug that we see in
t he ATLATS facility.

Now t he uni que differences fromeach one
of those, youreally havetodigintothe test report.
JAERI had the fixture that coul d be rotated around and
go through a separate orifice to get out. Maciaszek
| think built alittle weir on the end of his pipe to

try to force a |evel. I think in the Berkeley
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experinments | think the pipe is open so that all the
flow left. 1’mnot sure about the other two.

DR. SCHROCK: The |i quid was punped out of
the vertical section at the endto maintainthelevel.

DR. BAJOREK: Wil e these help to give us
sone data none of themare really representative of
what goes on in the advanced pl an. So we use these as
a point of reference.

DR. SCHROCK: That’s what | neant when
sai d t he experi nents were charged wi t h an obj ecti ve of
under st andi ng entrai nnent froma stratified surface.
The experinments had to be done in a way that they
produced a stratified surface. Those circunstances
don’t happen to correspond to what’s happening in
AP600 and AP1000. So the approach of using those
experiments as | said a year ago doesn’'t nmke very
much sense.

CHAI RVAN WALLI'S: Well it m ght apply over
a range. It mght apply over the range where the
level is low in entrainment onset and haven't
devel oped t he sl ug.

DR. SCHROCK: It may not be irrelevant.
There m ght be atine whenit is significant but they
haven’t found what that is.

CHAl RMVAN VWALLI S: But you can’t just
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blindly take the data and try to correlate it.

DR. SCHROCK: Yes. But what they did find
is a situation which seenms to be clearly very
different fromthe physics of those experinents. So
continuing to try to make the code regurgitate an
answer based on t he physics of the stratified upstream
region in ny mnd is just asking for trouble.

CHAl RVAN WALLI'S: Well, | noticedthat the
correl ati on devel oped i n the ATLATS data better than
anybody el se’s so maybe that’s what we shoul d focus
on.

DR. WJ: Thank you. We also triedto fit
in Dr. Schrock and KFK data because they represented
two kinds of extreme conditions. W hoped that this
correlation will develop not just only for the ATLATS
testing facility. That was our initial objective. W
tried to figure out sone mechani sm behind it. Next
pl ease.

So the sunmary of these available
i nvestigations, publications was that Dr. Bajorek
al ready summarized it. The ratio of the branch size
versus the nmain pipe size for the prototypic
condi tions advanced planis inthe region of 0.3, 0.4.
AP1000 is 0.47 actually going up. For the testing

facility previous investigations nostly using smal
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force, small branch.

CHAI RVAN WALLI S: So one could really
concl ude that you areinadifferent world al toget her.

DR WJ:. That’s what is ny intent.

CHAl RVAN WALLI'S: You might learnalittle
bit fromthe thoughts that the other people had.

DR WJ.  Yes.

CHAl RVAN WALLI' S:  But physically you'rein
a different world.

DR WJ Yes, and we tried to figure out
what the difference is. |In the nodern devel opnent
especially for the entrainnment the onset nodel we
tried --

CHAl RVAN WALLI'S:  Somet hing |i ke a point
source nodel mght work for a very small little d/D
but it’s not going to work well for prototypic
condition. Point sink | nean it woul d be.

DR. WJ:. The CEA test has a relatively
| arger branch sotheir correlationactually for | arger
branch using the lower -- correlation later |’ mgoing
to nmention.

CHAI RVAN WALLI' S:  Actually | think Steve
Baj orek the d/ D was 0.46 or sonething.

DR WJ:. 0.47, 0.48.

CHAl RVAN WALLI S: It’s off your scale
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even. |t’s even worse.

DR WJ:. This is originally AP600.

MEMBER RANSOM  This red circle is the
typi cal conditions you' re saying.

DR. WJ: Yes, originally | put about there
0.33 and | renenber when we published the paper it
said that’'s the proprietary information so |’m
positive of those red dots.

DR. SCHROCK: Is that AP600 or AP1000 or
bot h?

DR. WJ.  AP600, the 0. 33.

DR SCHROCK: And where is AP10007?

DR WJ:. 0.47. Next please.

CHAl RMAN WALLI S: -- the L to steam
generator over D.

DR WJ:. It’s for the branches.

CHAI RVAN WALLIS: | know.

DR. SCHROCK: A thought occurred to ne
t hat when you | ook at that process it’'s not unlike a
manoneter effect and a nodel which attacks it from
t hat point of viewm ght give you a better result than
you are going to get by trying to put it in terns of
entrai nnent from quiescent interface. It’s the
fraction of the time that a slug covers up the break

and it’s suckinginalot of Iiquid then. Some other
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fraction of the tinme there’'s very Ilittle liquid
getting entrainnent.

DR WJ. Exactly. W tried to use the
average paraneters.

DR. SCHROCK: But your nodel i ng doesn’t do
anything at all with the periodicity of that notion.

DR. WJ: No, we used the average hei ght,
the average for all tests, the average void fraction
in the downstream side.

CHAI RMAN WALLI S: This is neters per
second you are show ng here.

DR WJ.  Yes.

CHAI RVAN WALLIS: Difg is in neters per
second.

DR WJ.  Yes.

CHAI RVAN WALLI S:  So KFK did experinments
in the range of centinmeters per second gas fl ow.

DR WJ.  Yes.

CHAIl RVAN WALLI S: That’s not even a
breeze.

DR. WJ: You have a very big horizonta
branch so it’s a 200 and 0.6 mllineters.

CHAI RVAN WALLI'S:  But in Europe in AP600
it’s rmuch higher

DR. WJ  Yes. AP600 in this range.
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CHAI RVAN WALLI S: And there’ s higher

pressure so it will be squared.

DR. BAJOREK: Yes, for AP1000 during the
ADS 1,2, 3 and 4 you are actually up with superfici al
gas vel ocities 10 soneti mes 20 neters per second. You
are very high. However if you conpare that to ROSA,
SPES and APEX in ternms of a Froude nunber the
agreement isn’'t all that bad. You re wthin about 50
percent .

DR. WJ  This figure shows --

CHAl RVAN WALLI S: Excuse ne. Once you get
t hat sort of velocity | think you have to worry about
ot her nechani snms of entrai nnent as Sanj oy nenti oned.
That’s a range of velocity that you worry about
ripping off droplets where surface tension is the
restoring force and not gravity.

DR. BAJOREK: W |ooked at that in the
scal i ng. When you start to do it with that it’s
al nost |i ke an annul ari zed type of flow. You can see
t hat yes they are very far apart i n AP1000 and typi cal
test velocities.

DR. SCHROCK: Aml wong or isn't this JF
the JF in the horizontal pipe?

DR WJ:. JF is here.

DR SCHROCK: The horizontal pipe, yes.
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DR. WJ  This is the horizontal pipe.

DR SCHROCK: So JF would be zero in the
AP600 and AP1000.

CHAl RVAN WALLI'S:  You never get to it on
a long scale. It would be zero if there were
entrai nnent and carryover.

DR. BANERJEE: But the average of zero.
It would be very live locally.

DR WU It depends on the entrai nment
rate.

DR SCHROCK: Yes.

DR WJ  So like Dr. Schrock nentioned
their superb investigation is very focused to the
stratified case as to their objective. They did a
very wi de range test and the data was wel | docunented
with the steamwater and air-water.

This figure doesn’t necessarily show in
the hot legfluidregionfor all these -- far reaching
map. We would like to say that we want to extend our
JGto higher range | think recover the WAVY range and
it also goes to the slug plug range. That’s our
obj ective to extend our database to a wi der range and
the inner scaling vicinity. However we couldn’t get
it tothe annular flow for the bigger hot |eg that we

have.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

48

Next pl ease. So a summary of the previous
two figures for the advanced pl ants as the branch si ze
versus the hot |eg size for AP1000 it’s 0.47 and the
ratio for AP600 is O0.34. These paraneters are
significant to the equation and those of previous
i nvestigations. So that’s our notivation. W would
liketorun atest with alot |arger branch. Al so the
gas superficial velocity range in the previous tests
is much lower than that in the advanced plant
generally is greater than one neter per second.

So we want to extend our database to higher JGrange.

Al so in t he previ ous experi ment
investigations were applicable to co-current
stratified flow. Traditional flowregine map in our
t est we showed was not adequate for this investigation
because they showed that in that |length that map we
used just to represent where we are going to get our
dat a.

DR. BANERJEE: This rem nds ne of what
they call slop catchers in the oil-gas business where
t hey have these horizontal pipes and vertical pipes
whi ch are al nost the sanme size. They could go in one
direction and the gas goes up. That’ s how they
separated it out. There's a lot of data on that type

of a situation.
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See what happens is that you fill up the
hori zontal pipe with liquid and the gas gets thrown
of f. It’s Iike a separator. Their velocities nust
be fairly simlar. So |eaving aside the nuclear
literature you mght |ook at the oil -gas.

DR WJ:. Ckay, I'll do that.

DR BANERJEE: Slop catchers they're
cal | ed

DR. WJ  They're called slop catchers.

DR. BANERJEE: You should talk to a guy
named Jeff Hewitt about that.

MR BCEHNERT: He’s expensive.

DR. BANERJEE: He’ s expensive but he knows
a |l ot about it.

DR. WJ. Ckay, | will work on that and see
if I can find sone data. For the correlation
approach, the investigation focused nostly on two
parts. First there is the onset of entrainment. Al
of them did as basically the Froude nunbers are
correlated to the onset height of this gas chanber
hei ght .

CHAI RVAN WALLIS:  Wiich is d?

DR WJ:. Dis the branch size.

CHAl RVAN WALLI S:  Branch si ze.

DR. WU The | ower case d is the branch
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size. The upper case D is the horizontal pipe size.

CHAI RVAN WALLI S:  So upper case D doesn’t
come into this.

DR. WJ: No. None of the correlation has
the --

CHAI RVMAN WALLIS: It's just a pool.

DR WU Just a pool. Then when the
liquidIlevel is above the entrai nment the onset |evel
all of themusing the actual gas spaci ng hei ght versus
t he entrai nment onset hei ght and correl ates t he branch
quality with this paranmeter and did a reasonably good
j ob. W are going to follow this sane approach
because in the nodel unit to accurately predict this
entrai nment onset |evel and afterwards the liquid
entrai nnent rate. So the | ogic woul d be the sanme. W
don’t do anything different. Next please.

CHAI RVAN WALLI S: So the argunent is that
oncetheliquidislifted up against gravity it hasto
be entrained once you get it lifted up enough. It’s
gone. You don’t worry about it.

DR. WJ. |If the level is above it you have
to be entrained sooner or |later.

CHAI RVAN WALLI S: A nechani smof t he break
up of the liquid is irrelevant.

DR. SCHROCK: |’ mdi sappointed that 1’ mso
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lacking in ability to persuade you but | just don’t
t hink h, has any relevance to how nmuch liquid gets
entrai ned out of those sl ugs.

DR. BANERJEE: W should go back to the
previous slide.

DR. WJ:. Pl ease you nean the attri bute of
t he entrai nment onset now.

DR. SCHROCK: The physics of that are so
different from what’ s happening then.

CHAI RMAN WALLI S: He’s reviewing the
dat abase. He’s telling you what he did.

DR, SCHROCK: No, he’'s telling ne he's
going to continue to do it in the correlation that
he’ s going to propose.

CHAI RVAN WALLIS: He’s just sayingthisis
what exists. Wat he has to propose you have to | et
himget that far. He hasn’t proposed anything yet so
maybe we shoul d | et hi mgo ahead and see what happens.

DR SCHROCK: | thought he just told us
that he’s going to do that.

CHAI RVAN WALLI'S:  This is what the other
guys did.

DR. BANERJEE: The Froude nunber density
ratio.

MEMBER RANSOM  Dr. WI.
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DR WJ:.  Yes.

MEMBER RANSOM Didn’t you just say that
you were going to stick with this same framework?

DR. WJ No, a simlar approach but the
correlation is different.

MEMBER RANSOM How about the paraneters,
h over h,?

DR WJ: This one cannot correlate our
qualities. So we have sone other paraneters |ike on
t he branch size and on the main pipe size.

CHAI RVAN WALLI S: Okay so you are going to
do sonething different. 1 think we need to nove on
and see what you did.

DR WU | didn't make it clear. I
foll owed the logic but we didn't followthis approach
because we couldn’t correlate it. W found this data
cannot correlate by h over h,, W added an energy

bal ance equation for that |ater.

DR. SCHROCK: |1'mglad Gahamis able to
di stinguish this. | couldn't.
CHAI RVAN WALLI S: | didn't say | could

di stingui sh anything. He's tal ki ng about what ot her
people did and | want to go and find out what he did.
DR WU The sunmmary of the cross

conmpari son of these entrainment onset correlations
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you' || see the Snoglie correlation and the Berkel ey
correlation by Dr. Schrock are very simlar for the
smal | branch size.

CHAl RVAN WALLI'S: | don’t understand the
ordi nate there.

DR WJ This is for the Froude nunber
I i ke we defined on t he previ ous pages the gas velocity
branch under the Snoglie.

CHAI RVAN WALLI'S: | see. This is really
a Froude nunber. What you call a Froude number V% gd.

DR WJ.  Yes.

CHAl RVAN WALLI'S:  That nunber is really
(V?/gd) of a -- | understand. The whole thing is a
Fr oude number

DR WJ.  Yes.

CHAl RVAN WALLI'S:  Now | understand. The
Froude nunmber nust ap nultiplied by gd.

DR BANERJEE: Can you go back?

DR. WJ Go back pl ease.

DR. BANERJEE: The length scale there is
d for the Froude nunber so it’'s --

DR WJ:. It’s a branch of.

DR. BANERJEE: It’s a very strange Froude
nunber because normally it would the height of the

liquidthat would enter into the Froude nunber. There
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is not a Froude nunber which has any physical
significance that | can see.

DR WJ: That’s based on --

DR. BANERJEE: The nunber is based on the
speed of a gravity wave versus the speed of the flow
right.

DR WJ In fact there’'s a rate enforced
there rating it this way. Actually this paraneter
basically, if we go back to the derivation of what
Snoglie is actually you say the Bernoulli effect on
the interface and they just rearranged the formto
this kind of Froude nunber form That wasn’t there.

DR. BANERJEE: So the original Froude
nunber involved the liquid | evel and then they had a
novel thing and then it sinplified into this form
sonmehow.

DR WJ:. Yes, they arranged it to this
nondi mensional form It was originally the form of
t he anal ysi s i nvestigati ons so everybody fol | owed t he
convention. Next please.

CHAl RVAN WALLI'S: It’s a funny plot you
have here. Froude nunber

DR WJ It’s like the gas velocity.

CHAl RVAN WALLI S:  But you put it over six

orders of nmanager. The range of data nmust be a very
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smal | part of the graph.

DR. WJ: Now we sel ect the plot of these.
The data ranges was in this range.

CHAl RVAN WALLI'S:  Very smal | .

DR WU | just extended this to 10
because when | put h,/d you go to one that is too
small. | had do to two decades.

DR. SCHROCK: For the downfl ow case there
was an experinment done at hi gh pressure at | NEL using
hardware out of the Loft experinment. It was a very
conpl ex di scharge geonetry but it showed the extrene
range of conditions that you get conpared to the ot her
experi ments.

In order to put that on the sanme graph

paper you had to have two or three decades, 1’ve
forgotten. But it’s way off from the other data
because it was at high pressure. |In your report you

say that the Schrock and Snoglie data don’t agree but
here i s your graph that by all normal NRC standards of
agreenment is exenplary.

DR WJ: | think I need to nake a comment
here. This is entrainment onset. Basically your data
and KFK data agree. For the entrainment to read
al ong, KFK data has very high quantity 95 percent to

1.
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DR. SCHROCK: So it was the entrai nnment

rate.

DR WJ That’'s two sets of data does not
agree. But the summary of this figure, the KFK and
t he Berkel ey correlation for arelatively small break
group very well. Maci aszek correlation is for a
relatively larger break has a different return. And
the original -- correlationthat’s irrel evant because
it’s a pipe over a pool of water. But that gives the
foundation as to how we correlated the data is the
Froude nunber because it doesn’t have t he confi nenent.
Wth the confinement, | changed to the Maci aszek
correlation for a larger break and for KFK and
Berkel ey correlation for smaller break. Pl ease.

MEMBER RANSOM  Before we go on what is
the definition of the Froude nunber that you are usi ng
there. The codes don't seem to be defined in the
report.

DR. WJ CGo back please. One nore.

MEMBER RANSOM Now ri ght there. What is
t he Froude nunber?

DR WJ It’'s the Vg /gd.

DR SCHROCK: You're calling that the
Froude nunber.

DR WU Yes. Wthout the density
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nodi fi cati on.

CHAI RVAN WALLI S: What | said is the
Fr oude nunber shoul d i ncl ude the density rati o as part
of its definition. The restoring force is ap gd.

DR BAJOREK: 1’ve seen it used a |lot of
di fferent ways.

DR WJ:. Go back.

DR. BAJOREK: The Froude nunmber with the
V/dg but the nodified Froude including all of the
density you' re tal king about there.

DR. WJ This is a single phase of fluid
mechani cs. You are usually using this one.

CHAI RVAN WALLI S: There is no Froude
nunber if there’ s no ap. The mechanism is gd ap
versus p V. That’s what comes out of your
di mrensi onal analysis of the equations. That whole
thing is a Froude nunber not the separate factor.

DR WJ: This whol e set.

CHAl RVAN WALLI S: That's what comes out of
our di nmensional analysis of the equation.

DR. WU: | grabbed that one froma single
phase of fluid nmechanics book. They treated this as
a Froude nunber squar ed.

DR. BANERJEE: And V is the velocity in

the of f-take, right?
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DR WJ:.  Yes.

CHAl RVAN WALLI'S:  So the uptake is m nute
and | think this cannot be very good, can it, because
Vg woul d be i mense.

DR WJ: It would be -- to there.

DR. BANERJEE: That’'s the ultimate limt.

DR. WJ  Can not be good to --

CHAl RVAN WALLI'S: It’s very strange that
the surface knows what the small part dianeter is.

DR. BANERJEE: It’s seens that it’s way up
t here.

CHAl RVAN WALLI S: It doesn’t nmake an
sense.

DR BAJOREK: Now wait a second. Dr Wi,
doesn’t that come fromtreating it as a point source
follow ng the streamline and conserving mass in the
pi pe?

DR WJ:  Yes.

DR. BAJOREK: That forrmul ation ori gi nated
by taking a | ook at the | arge qui escent pool with the
pi pe sitting above it.

DR WJ.  Yes.

CHAI RMAN WALLIS: It actually it does.

DR. BAJOREK: So you need that area for

continuity because he didn't know the size of this
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very conical region. VWhich is why in the early
figures | ast week well why do we have what | ooks to be
concentric ring. That was the initial formulation.
Now engi neers being engineers had taken that and
applied it nowto a pipe or a T type of geonetry. But
the formula or that format has remained.

DR. BANERJEE: I think Snoglie in her
thesis did this. |If | recall.

DR, BAJOREK:  Yes.

DR BANERJEE: At a point sink.

CHAI RVAN WALLI' S: You ci t ed Bhar at han t oo.

DR. WJ: Yes, those actually just did a
nondi mensi onal analysis. Snoglie did a point source
with this streamine cursory interface. So we
produced the result by adding a mirror source on the
other side to preserve there is no fl ow goes through
the interface.

Next pl ease. For the entrainnment rate
correlation the KFK data is in this range. It’s 95
percent to 1 so they correlated their data in this
curve. Berkeley, Dr. Schrock’s data, actually falls
very lowin this range to the 85 to 90 percent. So
it’s covered well the range of quality. They
correlated their data with this curve. The Yononoto

and Maci aszek had a rel ative | arger break size and |
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just changed these two paraneters to see how the
correlations work. It goes on a curve like this. So
it’s spread three different ways.

CHAI RVAN WALLI S: It’s about as big a
spread as you could ever find.

DR WJ  Yes. So we think there are sone
ot her paraneters other than h over h,like Dr. Schrock
mentioned. So we have to pick up that one to really
group these together.

CHAl RVAN WALLI'S:  So maybe quality isn't
the right variable. It is a mass flow rate ratio.
Maybe that’s not the right variable.

DR. BANERJEE: Quality is defined as
honbgenous quality.

DR WJ: That the flow quality.

DR BANERJEE: Is it flow quality?

DR. WJ  Yes, flow quality.

CHAI RMAN WALLIS: Qualities of flow

DR. WJ;. So the gas nass flow rate over
the total mass flow rate.

CHAI RVAN WALLI' S: 1" m al ways doubt ful of
t hat when you do air-water. Air has such a |low
density that | don’'t think the mass flowrateratiois
the appropriate quality to use.

DR. WJ: W used the kinetic energy |ike
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hal f of mv® and later forcefully convert it to the
qual ity case. The nechanismis basically a kinetic
case.

CHAl RVAN WALLI'S:  If you were entraining
in for instance the Schrock’s nodel of a slug com ng
by you just take off a great chunk of |iquid and t hen
you have all gas and a chunk of liquid. |If the gas
had no density at all, you would still be taking off
t he sane amount of liquid. Soit’s not clear that the
mass flow rate of the gas --

DR. WJ. That density ratio has to be in
the --

DR. BANERJEE: H by H, equal to one means
that the level is always at the onset of entrai nment.

DR WU Yes. It’s like the |evel by
entrai nnent is going to go up. Go up to somewhere no
entrai nnent  occurred. That’'s the onset of
entrai nnent .

DR. BANERJEE: |I'mtrying to understand
the physics of this. H by H equal to one for the
mass data --

CHAl RVAN WALLI'S:  That point there.

DR WJ: Should be here. You have only
si ngl e phase gas goes through the branch. You don’'t

have |iquid there.
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DR. BANERJEE: Ri ght but you have the d by

D equal to 3.0 goes to one at 0. 2.

DR WU That’s their correlation’s
program They cannot go beyond so they stopped here.
Their correlation --

DR. BANERJEE: From a physical vi ewpoint
you are getting a quality of 0.3 at the onset.

DR. WJ No, this is the branch size. The
nature of main pipe to the branch size has nothing to
do with the |evel.

DR. BANERJEE: Hby H If | ook at your
graph | mean your picture h is the |level of the gas
that is measured downwards during entrai nnent.

DR WJ.  Yes.

DR BANERJEE: H is at the onset of
entrai nnent .

DR WJ.  Yes.

DR. BANERJEE: So h by h, equal to one is
the | evel at the onset of entrainnent.

DR WJ. Exactly.

DR. BANERJEE: So you are getting in fact
t hat data shows that you get awide -- If it was true
that d by D 3.4 should be one. The quality should be
one, right, at the point entrai nment stops?

DR, WJ:  Yes.
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DR. BANERIJEE: But the other one is

showi ng that it’s one at 0.3 or sonething. That data.

DR WJ. By the work.

DR. BANERJEE: Is it that dataor isit --

DR WJ Nothisisacorrelation. | used
as our real paraneter. The real size ratio of our hot
leg to the branch and we applied their correlation.
It goes here and it cannot go further because it’s
al ready reached one.

PARTI Cl PANT: CQbviously there are other
t hi ngs goi ng on.

DR WJ So that correlation cannot be
appl i ed.

DR. BANERJEE: Even the other one shows
that very rapidly you get this high and | ow quality.

DR WJ: So in entrainment the nost we
have is this right here.

CHAI RMAN WALLI'S: | guess we can concl ude
that this old work is no good and nove al ong.

DR. SCHROCK: Yes, right.

CHAI RVAN WALLI S: See what you did.

DR WU Let’s see the test. The
sunmaries are scattered.

CHAI RVAN WALLI S: It’s nore than a

scatter. There is a vast disagreenent.
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DR. SCHROCK: The flowin the branch |line

isacritical flowso thereis a good deal of flashing
goi ng on between the entrance to the branch |ine and
t he point where the flowis critical. 1t’s always a
little bit of a surprise to ne that it has no inpact
on t hese determ nati ons of how nuch enters the branch
I ine and especi ally conparing air-water versus steam
wat er .

CHAl RVAN WALLI'S: There’s a feedback in
the real reactor this critical flow at the val ve.

DR. SCHROCK: And these experinents that
there’s critical flow out that path too.

CHAl RVAN WALLI S:  That determ nes t he back
pressure and that puts to some extent what goes out
this branch |ine because if you have a slug of water
going up there that changes the whole flow rate and
t he pressure and everything el se inthe systembecause
of the critical flow There's force.

DR. BANERJEE: All the experinments showed
exactly what you are saying which is that if you have
a slug of water going through that one thing. Which
is why we have the difficulties with this. That was
pretty good actually.

MEMBER RANSOM  Act of desperation.

DR, BANERJEE: Yes.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

65
VEMBER RANSOM Just a little

clarification, Dr. Schrock. Al of the data is for
t hat ki nd of case where the break line is choked?

DR. SCHROCK: There’'s a small fraction of
t he data that gets at such | ow upstreampressures t hat
you don’t get critical flow But the majority of the
data is critical flowin the branch |ine.

MEMBER RANSOM Is that true in these
experiments al so?

DR. SCHROCK: Yes. They have about three
or four atnosphere upstream pressure so they get
critical.

DR WJ; So our test nostly here -- for
the vicinity. This is the vessel. Inside it has
seven spargers stainless steel porous rods. The air
i njection through these pi pes goes t hrough and sparge
it out of these spargers. The water goes through this
side in that and sheer off these bubbles froma pool
boil (PH) sinulating a pool boil (PH) inthe inside of
t he vessel

The hot leg is made of PVC. W actually
wel ded t he PVC by oursel ves at asignificantly reduced
cost. We bought a wel der for $400 so that we can nmake
as many Ts as we want versus the casted acrylic.

It’s like a fraction of the cost.
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MEMBER RANSOM Do you have a scaled

drawi ng? How close are those tops of those porous
rods to the off-take |ine?

DR WJ: It's scaled to the fuel rods or
the top --

MEMBER RANSOM So they are alnost up to
the -- Wihy did you choose that geonetry versus just
usi ng a porous plate?

DR. WJ: At the begi nning we had a ki nd of
anbition. W put several valves there. W saidif we
shut down the center we m ght generate some ki nds of
profile and see what’'s the effect of that. W were
trying to say we can’t have control over this part and
that was the origin of that kind of thinking.

MEMBER RANSOM  This way you have seven
pl umes that obviously you' re going to get nore flow
out the top of the rod than you will out the | ower
parts just because of hydrostatic head effects.

DR WJ It's kind of low @G so it --
because the vessel is fairly large so it has pool boil
(PH) characteristics. You don’'t see these kinds of
vapor colum com ng out of the surface. |In fact Dr.
Wal lis and Dr. Schrock were there and you didn’t see
this shooting out gas for the surface because there

was low A G Pl ease.
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So we had another problem about two d
upstream and the two d downstreamto neasure the hot
leg level. [It’s a kind of conductivity probe. Two
types of tests were performed. The first one is the
entrai nnent onset tests. Basically we filled the
wat er above the hot | eg el evati on and then opened the
gas valve and blow the entrained liquid out until it
settled. No nore entrainment. That’s our entrai nnment
onset |evel.

Then we tried to go upward. We fixed the
gas flow rate and increase in liquid level to
somewhere where it started to entrain. Each tine you
have to overshoot it so you can't observe the
entrai nnent . Then finally it settled down so
basically the approach is the sane. W didn't see
nmuch difference.

| said that the type of test this is
steady state entrainnment. W inject fixed gas flow
rate and liquid flowrate so we know the quality out
of the branch. Now we go back to neasure the |evel,
downst ream and - -

CHAI RMVAN WALLI S: H becones the thing you
nmeasure to force the entrai nment.

DR, WU Yes. So we force the

entrai nnent. W go back fromthe quality to find the
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edge. But inreality in the code you need the edge to
really predict the entrainnent so it’s a backward --

CHAI RVAN WALLI'S:  You need to tell us how
you neasure h

DR WJ:. Let’s go to the next page and
will show that. W correlate half ring type
conductivity probe. It’s aflush nounted side of this
PVC material originally and sandwich it into two
fl anges. This tube or electrode that we’'re pulling
out and then the level wll be reflected in the
nonlinear form This is the output voltage. This is
t he actual height inside that.

CHAl RVAN WALLI'S:  What’'s the principle?

DR WJ:. It’s the conductivity.

CHAI RVAN VWALLI S: Resi st ance.
Conductivity.

DR WJ. Yes, resistance.

CHAI RVAN WALLI'S:  So you have to nonitor
t he conductivity of the liquid all the tine.

DR WU W actually ran this at 80
kilohertz so it’s |like an inpedance probe. It has
capacitancy factor. So it’s an alternated current.
So each tinme we ran the test we calibrated. After
that we calibrated to avoid --

DR. SCHROCK: You have two rings and they
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are separated by a couple of feet.

DR WJ. No, it’sonehalf ring. It’s two
el ectrodes to make this switch

DR. SCHROCK: You have two fl anges on this
instrumentation. It’s only the one that closest to
the test vessel that has the inpedance probe.

DR. WJ. Both sides have it.

DR. SCHROCK: Both sides. That’'s what |
said. So you have two different locations. It isn't
clear to me yet howthe data fromthose sensors ends
up giving you a height. How do you translate the
experimental data fromthat instrunentation into the
hei ght of i quid?

DR. WU Using the voltage output the
i npedance between t hi s because t he water | evel changes
bet ween these two electrodes. It’s reflected of the
wat er | evel because t here are changes of conductivity.

DR. SCHROCK: As | visualize this slushing
goi ng on, you have one thing at one set of sensors and
anot her thing at the other one at any gi ven i nst ance.
They’'re both tinme dependent. So it isn’'t obvious to
me how you extract a single height.

DR WU No, it’s not a single height.
It’s two hei ghts.

DR. SCHROCK: Two hei ghts.
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DR. WJ: W use the downstream-- because
it will nake you observe the slug appearance down in
t he steam generator section. The average hei ght of
the downstream is greater than the upstream side.
It’s different.

DR, SCHROCK: But the entrance to the
branch line is between the two. What sense does it
make to attribute it to one or the other?

DR. WJ.  Because right under the branch
here, it’s hard to instrunentate there to get the
| evel. Also you see that there’ s a conical shape of
[iquid always being put there. So we are trying to
ei ther use the upstreamor downstreamlevel to build
our nodel. We found actually and later | will show
the novie entrainment nostly coming from the slug

backward from the steam generator side being pulled

out .

CHAI RVAN WALLI'S:  You neasure the vessel
| evel too.

DR WJ: | neasured the vessel --

CHAI RVAN WALLI'S: | would think the | ow

flowrates, the vessel |level and the hot |eg are al
the same. Everything’ s pretty horizontal.
DR WJ It’s not the sane.

CHAl RVAN WALLI S: It’'s not the sane.
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DR WU W found like Dr. Schrock

nmenti oned froma vertical vessel islike acylinder to
the side branch. There is also an issue of surface
separ ati on. The mxture level in the steady
entrai nnent test in the vessel is higher than in the
hot leg | evel.

CHAl RMAN WALLI'S: The m xture | evel that

iS.
DR. WJ. Yes, the m xture | evel is higher.
CHAI RVAN WALLI'S: | keep thinking of how
the code is going to work. Is the code going to

predict these |evel s?

DR WU To my understandi ng the code
actually says in the mxture level and the hot |eg
| evel is the same. When we used the -- five to nodel
our facility we found that the |l evel is the sane. So
| think maybe the work sponsored by NRC right nowis
perform ng in M| waukee, Wsconsinthey have sone ki nd
of -- about the formof vessel to the side branches as
phase separation. Maybe that can give us sone i nput
to nodify the code a little bit.

CHAI RVAN  WALLI S: So it's at this
separati on process --

DR. BAJOREK: The results that you have

seen, the idea that the m xture | evel was higher in
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the vessel than it is in the hot leg, is consistent
wi th Cojasoy’s (PH) work i n M | waukee whi ch shows t hat
nost of what occurs in that hot legis set upearlyin
the hot legs. It’s not a devel oprent all the way down
the hot leg. But it occurs near the inlet nozzle and
whether it’sintermttent or stratified occurs over on
t hat si de.

CHAl RVAN WALLI'S:  The bubbly m xture in
t he vessel then you have a stratified fromthe hot | eg
you're going to have flow into the hot leg fromthe
top and back out the bottom  There's going to be
sonet hi ng that happens near that through the hot |eg
that has to be analyzed by itself somehow.

MEMBER RANSOM  You have to renenber that
t he codes have a one di nensi onal view of the pipe. So
there’s only a center line. This is a limtation.
And you have the void fraction which would tell you
the level in the pipe but neverthel ess the off-take
fromthe vessel is a point. |It’s not a distributed
area | i ke you woul d have in a real situation. So you
have to realize that the nodel s have these limtations
and it has to fit in that framework.

Wiile I"’mat it, would there be any val ue
in actually feeding the gas flow fromthe upper part

of the vessel and so you do have a stratified level in
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the vessel itself? | know sone of the other
experinments like Creare were run that way. So that
you did not bother bubbling the vapor or the gas
t hrough the I'iquid and creating arather nessy m xture
level in the vessel in effect. | realize the real
situation is different than that. Then at |east you
can interpret the experinments nore easily.

DR BAJOREK: Go to your next one.

DR. WJ: Next please. Alsoinresponseto
NRC s conmments that figure is actually later.

DR BAJOREK: Ckay.

DR WJ: W did sone blow down fromthe
top port. That’s not fromthe side.

DR. BANERJEE: And there is a separated
level. [It’s not churned up m xture com ng back and
forth.

DR WU Yes. There is a working
condi tion where there is no slug.

DR. BANERJEE: But there is a | evel that
is not full of bubbles and things, the liquid, in
this.

DR. WJ: Generally inthis, no. Youdon't
see much air bubbles being changed in the hot |eg
[iquid.

DR. BANERJEE: You can see this visually.
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DR. WJ: We have two novi es that showit.
It’s quite clear separation.

CHAI RVAN WALLI S: Do you have an anal ysi s
of what the hot leg |level should be based on sone
anal ysis of how it goes fromthis bubbly m xture to
stratified? Do you have an anal ysis of what happens
at the junction between the vessel and the hot |eg?

DR WJ:  No.

CHAl RVAN WALLI'S:  That would seemto be
i mportant.

DR WJ | treat the level out of that
range as the paraneter | would be interested.
Oherwise |l will followthe |l ogic and say |’ mgoing to
use the vessel mixture level to correlate the
entrai nnent rate. That really nmakes this nodel just
work for an ATLATS facility.

CHAI RVAN  WALLI S: Froude has to do
sonething to predict that |evel on that hot |eg.

DR WJ.  Yes.

CHAI RVAN WALLI S: You don’t have an
anal ysis of what’s going on. You were just going to
use sone blind general nethod.

DR WU | agree with you. | actually
played with that and decided to correlate it but

that’s not our task order.
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CHAI RVAN WALLI'S: If h_ is the thing that

matters in all this work you ought to be able to
predict it sonmehow.

DR. WJ | can go back to all the data.
W have all the data. W can |look into that.

DR. SCHROCK: In the previous slide you
showed what | guess is really a calibration curve.

DR WJ.  Yes.

DR. SCHROCK: That is an excellent fit of
the data to a curve based on a liquid | evel which is
nmeasured optically or sone other way.

DR, WJ It’s neasure by DP.

CHAl RVAN  WALLI S: If it’s a flat
i nterface.

DR SCHROCK: Just a flat interface.

DR WJ:  Yes.

MEMBER RANSOM  But then when you go to
the use of the instrunent with the kind of flow that
actually exists there, you get this extreme scatter.

DR WJ.  Yes.

DR. SCHROCK: Sorry. [I’mstill unclear on
how one interprets an h fromthis kind of scatter.

DR WJ:. Let ne finish this one.

DR. SCHROCK: Ckay.

DR. WJ: What’'s the response to this. It
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was | ast year ACS neeting mentioned our data sanpling
rate is like 1 Hz because we had |i ke 20 channel s and
t hen we need to run 20 m nutes. So we couldn’t afford
to getting a higher data acquisition read. Dr.
Schrock and Dr. Wallis said you have oscillation |ike
one second. You have a data sanple in a rate of one
second and maybe you’re m ssing sonet hing.

So that required us to eval uate the data
acqui sition reading ef fect especially for the slugging
ef fect. For the entrainment onset |evel when the
| evel doesn’t have a slug it doesn’t have that nuch
scattering. W have reported to Dr. Bajorek. These
are used when slug appears. Wen slug appears you
have t hese scattering, the physical scatteringtothis
flow It’s not as a measurenent scattering.

So ny conclusion is the scattering dueto
actual liquidlevel fluctuations because the slug. So
the rate about this is the downstreamst eamgenerat or
site. You can clearly see this scatter getting worse
because of the slug here going back and forth.

CHAI RMVAN WALLIS: Tell ne what’s being
pl otted here.

DR. WJ. This is standard devi ati on of the
liquid |level over the liquid level and this is the

average of the liquid |evel.
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CHAI RVAN WALLIS: What is the sigm?

DR. WJ: Sigma is a standard devi ati on of
the liquid level. This is a fluctuation term

CHAI RVAN WALLI S:  The standard devi ation
of 0.4 would be pretty significant.

DR WU Because the new created slug
com ng up you have this --

DR. BANERIJEE: Do you have a tinme plot?

DR WJ:. W have -- tinme clock?

DR BANERJEE: Tinme plot of the |evel.

DR WU Yes, | didn't put it in the
presentation. Yes, for the 50 Hz, we're --

DR. BANERJEE: | nean it’s not scattered.
It’s actually a wave or sonet hi ng.

DR. WJ Yes. It’s a wave. So when you
average it, then you see the standard devi ati on.

CHAI RVAN WALLI'S: 1’ mnot concer ned about
aver agi ng because maybe t he entrai nment cones fromt he
top of the waves and the bottomis irrel evant.

DR. WJ. For the code you can only see the
average. So that’s our approach. W only put this
|l og of frequency on the inside. | don't think it’s
conpatible with our approach for this.

CHAIl RVAN WALLIS: But clearly if you had

a level which was snooth and you had a wave on it
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which went up to the branch pipe then you get sone
entrai nnent .

DR WJ.  Yes.

CHAI RVAN WALLI S: And just wusing the
average wouldn’t reflect the physics.

MEMBER RANSOM Is h the average?

DR. WJ: The average in the liquid | evel.

MEMBER RANSOM And average on the ot her
side too? Sigma divided by average.

DR WJ.  Yes.

MEMBER RANSOM So each one i s t he aver age.

DR WJ This is the average and this is
t he standard.

MEMBER RANSOM And each data point is an
experi ment ?

DR WU It’s an experinent for the
compari son, the open synbol and the solid synbol is
the one Hz and the 50 Hz sanpling read. You have a
simlar scattering. The 50 Hz doesn’t nmake it better.
So what we think is the one Hz is kind of slow but
since we have at | east a four mnute duration so that
aver age behavi or i s about the same. So we caught sone
sl ugs there.

DR. BANERJEE: But this is under different

conditions or is this at one condition? |I'malittle
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confused by this.

DR WJ:. These are different conditions.

DR. BANERJEE: So many different
condi ti ons.

DR. WJ Yes, this is the average | evel.
Each point is equivalent to four m nutes average.

CHAl RVAN WALLI'S:  How big is the pipe?

DR WJ:. The pipe is 6 inches |ID.

CHAl RVAN WALLI'S:  Sixty or six?

DR WJ:. Six inch.

CHAI RMVAN WALLI'S: So i f we have an aver age
of four and we have a sigma of range of 0.3 does that
mean that the pipe is sonetinmes full of liquid? It
probably does.

DR. WJ: Yes. That’'s right because of the
com ng outpour. The sl ug.

DR SCHROCK: But the data seemto show
t hat you have a hi gher average | evel next to the steam
generator than you have next to the reactor vessel.
Isn’t that puzzling?

DR WJ | think it should be like that
and this is what we expected the difference between
the stratified and what we have right now. Since you
only have this branch going there you have liquid

nonment um and gas nonentumstop there and turn around.
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So you have to have a certain kind of gravity here to
stop the liquid.

DR. SCHROCK: So it’s pushed sone |iquid
up in the cold |l eg and on average it holds it up there
as other stuff is exiting through the break and
upstream the average level is |ower.

DR. WJ: Yes, amazingly we found the --
five actual |l y has a noment umbal anced nodel if we turn
that some and the -- action with your entrainment
correlation can actually predict this difference.

DR SCHROCK: But it just aggravates the
situation further in trying to use h_ as a paraneter
that has significance for the quality in the break
flow | mean h_ where. You have two different h,
nei t her one of which are at the entrance to the branch
i ne.

DR. WJ: That’s a very good questi on whi ch
bothers us. W tried the upstream W tried the
aver age. W tried the downstream W found the
downstream correl ated very wel | because we think the
downstream washing the slug back is closer to the
branch and t he entrai nment nostly happens gover ned by
the downstream height. That’s later in the
correl ati on devel opnent .

DR. BANERJEE: |I'mstill puzzled by the
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slide on the right. Each of those points is an
experiment of four m nutes duration.

DR WJ.  Yes.

DR. BANERJEE: And what has been variedin
t hese experinments?

DR WJ We ran the tests |ike that way.
Usually it is a fixed gas flow rate and inject a
liquidfor exanple four gallons per mnute for fiveto
six mnutes. W increased the liquid again so it was
step up so they never were changed. W went through
t hat process. Then we go back to run the second
series by changing the gas flowrate and repeating the
change of liquid flow rate.

DR. BANERJEE: So let’s take the average
liquid level up the steam generator side as being
four. The points which are inthis vertical line if
you have the sane experinment exactly, the sanme gas
flow rate, the sane liquid flow rate, do those four
m nut e durati on segnments actual |y change t he st andard
deviation then? Sigma by h for exactly the sane
experinments, does it change? Solet’s say that h is
fixed at four.

DR WU When slug appears this is
scattered. It can be here. It can be there. There's

no systematic shift that way as the gas flowrate --
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DR. BANERJEE: No, |’m saying doing the

same experinents do you get a scatter if | asked you

to plot --

DR WJ.  Yes.

DR. BANERJEE: So the four m nute duration
is not a sufficiently long average. Is that it? |If
you took an average for a long period of tinme. 1|'m

m ssi ng sonet hi ng.

DR. WJ: The average coul d be t he sane but
the standard deviation may change a little bit.

DR. BANERJEE: Well, it’s changing by how
much? | mean does it go fromsay 0.15 to 0.35, the
standard devi ati on?

DR WJ It’s 10 percent to 34 percent.

DR. BANERJEE: So for the same experi nent
you will get different standard deviations in this
four m nute segnent.

DR. WU Let me see. It’'s the sane
experi nment .

DR. BANERJEE: That’s what |’ masking. 1Is
it that?

CHAI RVAN WALLI'S: | think it’s different
experi ments.

DR. BANERJEE: That’'s the question |I'm

aski ng you.
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DR WJ It’'s a different experinment but
each tine it changes.

DR. BANERJEE: So what is changing? If h,
is four -- Let’s fix it at four h_

DR. WJ: You cannot fix it. Since you
change the fixed gas flowrate, you change the liquid
flow rate.

CHAI RVAN WALLI'S: It’s a conbination of
i quids and gases.

DR. WJ: So then you will have changes in
the |iquid average.

MR. KELLY: Excuse nme. This is Joe Kelly
from Research. Correct if I"’mwong, Dr. Wi, but I
think sitting on this side |I think I'm hearing it
differently. | think what he has as a standard
deviationis really the wave height. So each point is
from one experinent, one conbination of superficial
gas and vapor velocity. So averaged over four m nutes
there’s a height inthe hot leg at this two different
el evati ons.

What you see in the figure there’'s a
difference in that average height between whether
you’' re upstreamor downstreamof the T. What you al so
seeif for that four mnute durationthe differencein

t he st andard devi ati on of the neasurenents whi ch were
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taken at either a one Hz or 50 Hz sanpling rate. So
you're seeing in effect the wave height processed
t hrough a standard devi ati on.

DR. BANERJEE: So each of those points
represents a different conbination of gas and liquid
flow rates. That's not clear. What happens if you
repeat the sanme experinent do you get a different
sigma by h.?

DR. WJ. | expect the sane average |evel
and standard devi ati on.

DR. BAJOREK: That’'s a good questi on.

DR WJ | don’t know. |If you repeated
t he standard devi ati on or not but the average |l evel is
t he sane because --

DR. BANERJEE: | know. But |’ masking you
whet her you get sigma by h, the sane.

DR WJ | canlook intothat. | thinkit
shoul d be the same accordi ng your |ogic.

CHAl RVAN WALLI'S:  Not too different.

DR. BANERJEE: W thin experinental error.

CHAI RVAN WALLI S: It depends on the
frequency of the slugs. If the frequency of the sl ugs
is eight mnutes then --

DR.  BANERJEE: Then it’s wong. The

reason |’ masking you this question is whether there
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is very |l ow frequency sl oshing though I inmaging four
m nutes is | ong enough.

CHAI RVAN WALLI'S:  You really need to | ook
at a trace of height versus --

DR. WJ | can do that. | will look into
that by just noving average and noving standard
deviation to see when it converges.

CHAI RMAN WALLI'S: | guess we can spend a
lot of time on this figure but | don't think it’s
going to be used for anything el se. W mght as well
nove on. It’s not going to be used for devel oping a
nodel . It’s just evidence that there’'s a lot of
wavi ness goi ng on. Now we are due to take a break at
10:30 a.m and you're going to start a new part of
your presentation and we’'re an hour | ate.

| think the reason it’s late is because
we’ ve asked all the questions which was anti ci pati ng
what you were going to say |later. So probably you ve
answered the questions | hope which we won’t have to
ask later. So we can go faster if we take a break
Now.

DR WJ: Take break now.

CHAI RVAN WALLIS: 1'd like to conme back at
10:40 a.m It’s actually going to be a 11 or 12

m nute break. W will start at 20 m nutes before the
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hour. Gve you a break. Of the record.

(Wher eupon, the foregoing matter went off

the record at 10: 30 a. m and went back on

the record at 10:40 a. m)

CHAl RVAN WALLI S: Back on the record.
W' || continue withthe presentation by Dr. Wi. Since
we asked so many questions earlier nmaybe we can nove
al ong qui cker and try to catch up so we can get |unch
probably around 12:30 p.m if we’'re |ucky.

DR WJ.  Thank you. This is Qao W.
First 1’ mgoing to tal k about Entrai nment Onset Study.
So starting from the experinment the addition part
that’s in response to the ACS suggestion. Last year
when Dr. Schrock and Dr. Wallis sawthe interface and
what the interface effect on the entrainnent onset
correl ation. They suggested if we could inject gas on
the air fromthe top.

So we did that but the gas flow rate was
not that high conpared with the main pipe injection
because we put a hose to the top and we put a T inside
sothe air is not directly blownto the surface. It’s
blown to the side in such a way to suppress a little
bit of an interface.

Next please. W found it does have for

this figureit’s h, over the main pipe di ameter and
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correlated it with our new correlation as later |’ m
going to introduce. | found that the open synbol is
t he dat a obtai ned fromthe air blowinjection fromthe
t op. It doesn’t have an effect but consider the
scattering of the data we could not differentiate it.
So the conclusion here is it’s not significant. It
does have a little bit of an effect on that.

CHAl RVAN WALLI'S: But it does tend to be
bi gger. The h, tends to be bigger when you have top
air injection.

DR WJ.  Yes.

CHAl RVAN WALLI'S: So that nmeans that it’s
a nore stable situation with the top air injection
which would nmake sense when you re not shaking
interface so nuch

DR WJ.  Yes.

CHAI RVAN WALLI S: But the deviation is
getting worse as you go down to | ower val ues perhaps
so maybe if you are really worri ed about | ow val ues of
h, and | don’t know what the range of your incident
predicting, you m ght have to worry about the error
just looking at the trend of the data points there.
| f you take those circles they're on a straight |ine
pretty well if you extended that down. W woul d have

a much bi gger deviation towards the origin.
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DR. BANERJEE: WMaybe you should do a run

at 0. 2.

CHAl RVAN WALLI'S: 0.2, yes.

DR. BANERJEE: h, by d. See what happens.

CHAI RVAN WALLIS: That's a pretty full
pipe, isn't it?

DR. WJ: Yes, it has sonme difficulty to
range fromthe top. | renenber the run. | wll see
if we can get to this range here.

DR.  SCHROCK: You only have five data
poi nts gui di ng you.

DR.  BANERJEE: Wth a distinct trend
t hough. You could put a line through them and
probably go through all of those circles.

DR BANERJEE: Different correlation.

DR WU Here you worry about going
further here. [It’s a stretching out.

CHAl RVAN WALLI S: | don’t knowif | should
worry or not but | think there would be a nmuch bi gger
deviation if you went to | ower h.

DR WJ.  Yes.

CHAI RVAN WALLI S:  Because when the pipes
are almost full alittle wave makes a big difference.

MEMBER RANSOM Is the correlation

devel oped based on the data or the air injection from
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bel ow?

DR WJ. Below. It won’t stay that way
actual ly.

CHAI RVAN WALLI S:  Yes, let’s find out what
this correlation is.

DR. WJ. Ckay. Let’s gotothe next page.
So t he entrai nment onset correl ati on devel oped and was
actual ly based on Maci aszek’s work. And Maci aszek’s
wor k was based on the Bharathan’s work for the | ower
par anmet er voi ding. So that work basically assunes you
have a gas, air goes into the branch, and at the
interface there is a maxi numvel ocity position and
t hat maxi numvel ocity for potential flow. So maximum
vel ocity position actually corresponded to the | ower
pressures so your entrai nment should occur here.

Based on t hese ki nds of physical argunent
the first equation is the continuity equation. Just
to say here is a cylinder with the dianmeter of the
break. It is represented by the wave spacing. The
gas goes into the cylinder fromthe periphery so the
correlation actually says it’'s like a pipe on the --
and the |iquid that goes the gas goes into this break.
Based on this argunent the hei ght of this wave hei ght
shoul d be equal to the kinetic energy because of the

infinite side the velocity is zero based on the
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potential flow.

That option is one option. Later we are

going to nodify it. W think our pipe is one
di mensi onal and you go to infinite you still have a
velocity. So we will nodify this terma little bit.

DR. BANERJEE: One is the gas --

DR WJ:. At this position.

DR. BANERJEE: Subscript 1 is gas.

DR WJ: Yes, gas.

DR BANERJEE: And V, is the velocity in
t he horizontal |eg.

DR. WJ: Horizontal leg and this entrance
posi tion.

DR. BANERJEE: It’s the average vel ocity.

DR. WJ It’s the average velocity. They
didn’t consider the |ocal velocity.

DR. SCHROCK: Just to the 2-d nodel, it
i magi nes that there’s a source on both sides.

DR. WJ  This original approach for the
interface stability didn’t consider that.

DR SCHROCK: |I'mjust contrasting it to
the situation that you had in your experinment. You
have gas flow fromthe right and gas flow fromthe
left inthis nodel. [It’s a 2-d nodel.

DR WJ  Yes.
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DR. SCHROCK: And in the experinment you

have gas flow from one side and not from the other

si de.

DR WJ.  Yes.

MEMBER RANSOM I n fact that wasn’t quite
so clear. This nodel is actually an axisynmetric

nodel about that center |line that he has there.

CHAI RMVAN WALLIS: | think it’s 2-d in a
plane, isn't it?

DR WJ:. Yes, 2-d in a plane.

CHAl RMAN  WALLI S: VWich is vyoure
mul tiplying V, by the area of that cylinder.

MEMBER RANSOM So in other words he gets
the velocity solution for the gas fromthe 2-d --

CHAl RVAN WALLI'S:  The velocity fromthe
top of the wave is very different fromthe velocity at
t he side.

DR WU So this correlation didn't
consi der the confinenment of the side wall of the pipe.
It didn’t consider the flow fromone direction |ike
Dr. Schrock.

DR BANERJEE: \What is p, there? Can you
wal k us through the equations so that we can
under st and?

CHAl RVAN WALLI S: That’ s going to take us
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forever.

DR WJ:. p,v, is the gas for the velocity
at this cross section. And the nunber is the dianeter
of this wave ring right under the break. The third --
is the wave height h, so it’'s basically this termis
t he surface error of the cylinder under the break. So

nodi fied by that’s the gas flowrate that goes through

the --

DR BANERJEE: And what is p, or p, ?

DR WJ: That should be 3.

DR BANERJEE: |s that one?

DR WJ: That should be 3.

DR. BANERJEE: 1Is that for the gas?

DR WJ.  Yes.

DR. BANERJEE: It’s a continuity equation
you have there

DR WJ Yes, it’s continuity.

DR BANERJEE: It should be p,v,

DR. SCHROCK: Rho(3).

DR WJ: This should be p,.

DR BANERJEE: But p;is what?

DR WJ:. In that |ocation.

DR, SCHROCK: It’s potential flow so |

guess it’'s the sane as p;.

DR. BANERJEE: It’s the sane as p,, right?
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DR WJ Well it could be different.

DR. BANERJEE: How?

DR. WJ. Because if you just have a break
here the choking conditions are different. It can be
as big as -0.6 for a choking condition.

DR. BANERJEE: So the pressure is
different?

DR WJ:. Fromhere to here it could be if
you have a high gas flow rate to the choking
condition. (Indicating.)

DR, SCHROCK: Isn"t a potential flow
sol utions?

DR. WJ: This one didn’t reach there yet.
Thi s one doesn’t have that --

DR. BANERJEE: So let’s call it p; but
still the density of the gas.

DR WU Yes, this is mass flow rate.
Forget about this one. Just say the nmass goes t hrough
this branch. So the -- equation is the third --
change frominfinite to this wave bunp here is the
ki netic energy converted the potential energy. That’'s
the third edge.

CHAl RVAN WALLIS: And thereasonthat it’s
a depression is that you get a sination (PH) pressure

again in the mddle.
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DR. SCHROCK: Yes.

DR. BANERJEE: But shouldn’t it be % po,v,°
- Y5 ooVl

DR SCHROCK: That’s zero.

DR WU It’s a huge pool. That’ s
infinite. This original approach, that’s what we are
going to nodify. It’s not the pipe. So it’s physics
like this. | want to follow the physics.

DR BANERJEE: And what’s the next one?

DR WJ: The next is you'll --

DR. BANERJEE: | got that. The next one?

DR WJ: It’s a conbination of these two
equations. You get an automatic in there. It’s just
to replace the p,v; with the gas flowrate. You have
an automatic --

CHAI RVAN WALLI S: Where does this nagic a
as 1/3 h, cone fron?

DR WJ: That was Bharathan’s work and
you. What it did --

MR. BAJOREK: W found the paper too.

DR. WJ: This is basically the difference
of the third -- with respect to h,.

CHAl RVAN WALLI S: So it differentiated
sonething. Did it derived of a third?

DR WJ:. Wen this goes to infinite --
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CHAl RMAN WALLI'S: You said that there' s a

maxi mum val ue of that thing as a function of delta.
Once it goes over the top it gets sucked up.

DR WJ.  Yes.

CHAl RMAN  WALLI S: So there is a
mat hematics to it.

DR. WJ There is a mathematics it’s just
t hat --

CHAl RVAN WALLI S: It differentiates that.

DR WJ It differentiates the third --
with respect to h,. That derivative goes toinfinity.
That nmeaning a little bit of change of this h, the
wave bunmp is going to hit the top.

DR. BANERJEE: But is dad h, equal to
infinity?

DR. WU dad, yes. That’'s right.
Exactly. Wen the derivative of this dad over d h,
goes to infinity leading to this --

CHAI RVAN WALLI' S:  There’s another way to
l ook at it. \Wen w, is big enough there are no nore
solutions for A So it’'s the maxi mum val ue of the
| efthand side gives you the maxi num value of the
ri ght-hand side.

DR BANERJEE: But d h, the ais equal to

zZer o.
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CHAl RMAN WALLIS: It'’samximum Soit’s

not that absurd, is it?

DR WJ:. Thank you.

DR. BANERJEE: Let ne ask you a questi on.
Wien you have a hole like that, don't you get a
vortex, a swirl flow occurring in the air? | nean
this is what happens in a bath tub. O is this
different froma bath tub?

CHAI RVAN WALLI'S: Not if it didn't have
fortes of the infinity.

DR WJ:  No.

DR. SCHROCK: But on bottombreaks you do
see the --

DR. WJ  This is an average approach.

DR, BANERJEE: But you get a very
different pattern. You get a cyclone otherw se.

DR. WJ: If you use the average approach
you don’t see the cyclone. So you treat this as an
average velocity.

DR. BAJOREK: Q ao, you see a little bit
of that in sone of your filns.

DR WJ.  Yes.

DR. BAJOREK: If you watch the w sps
there’s a vortical notion to it.

CHAI RVAN WALLI S: The voracity has to cone
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from sonmewher e

DR. BANERJEE: Yes, but they were option
cl ose.

CHAl RMAN WALLI S: So I think we wll
accept that you are doing sone math and you can get
t hat equati on down there.

DR WJ:  Yes.

CHAI RVAN  WALLI S: You have to say
sonet hi ng about | anbda so you say it’s approxi mately
d.

DR. WJ: That was Maci aszek’ s approach.
For lambda, you go to d and then he got his
correlation. There's one -- power. So they replaced
| anbda with d. This paraneter is theoretically 0.7
and his experinment result is 0.88.

CHAI RVAN WALLI'S: Now is the experinment
for a pool in a pipe or isit a pipe in a pool?

DR WJ: No, it’s a pipe with a branch on
t he pi pe.

CHAl RVAN WALLI'S: It’s a branch.

DR. WJ So all of these conbine to part
of this adjustable paraneter.

CHAI RMAN WALLIS: So if you just took a
vacuum cl eaner and | ower it down on top of a pool of

water this is what you could also do as another
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experi nment .

DR WU That was the results of
experi nment .

MEMBER RANSOM There’s one limtation you
have to have in mnd. The gas flow field is for a
flat interface. The interface never deforns. So that
as the bunp forns in reality you get increased
vel ocity across the bunp and it will grow even nore
rapidly.

CHAl RVAN WALLI S: That’s in his math here.

MEMBER RANSOM  No.

CHAl RVAN WALLIS: Yes it is. It’s inthe
potential flow-- He hasn’t used potential flow here.
MEMBER RANSOM  Yes, he has.

CHAI RMAN WALLIS: He's using h, - a.

MEMBER RANSOM He uses it to get vl and
t he ap rel ationship.

CHAI RVAN WALLI S: | don’t think so.
Anyway we can argue about this forever. | don't think
he ever used potential flowin this nodel here.

DR. BANERJEE: You don’t need it for the
equati ons you’'ve witten.

MEMBER RANSOM -- infinity to replace a

DR WU For this one, no. You have to
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bear in mnd that here is the nunber over d when
physics is if this surface is far fromthis opening
you don’'t expect this low pressure on the high
pressure |low pressure is -- section. The hi gh
velocity still located right under the branch. It
could be go this way (Indicating) is going further
away so we think if we nodify this nunber we perhaps
can get a better case.

In fact later we found a -- if this point
of source nunber is proportional to h,. Andif we put
h, here with paraneter and nove that h, here then we
have 1/5 power here. That's the correlation of KFK
and also Dr. Schrock’s correlation. So that mneans
it’s atwo asynptotic condition. Wen yougotodit
is the surface very close to the break or the break is
fairly big. And when it’s going away or the break is
very small, then it’s going to another asyntotic
solution as proportion to h. So this kind of --
notivated us to say let’s see can we find the nunber.
Next page please. Let’s go back

DR SCHROCK: Before you do that, | want
to remind you of ny problemwth the fact that the
flow is all comng from one direction in your
experiment, in your practical problem but this

i dealization has it com ng equally from both sides.
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DR. WJ. Yes, that’s the wall approach.

The second nodification will be here (indicating)
where the subtract of the v, --

DR. SCHROCK: Are you eventually goingto
account for that?

DR. WJ: Yes, we have factor count on that
in the correlation.

DR SCHROCK: 1'Il wait.

DR WU Next pl ease. The Maci aszek
correlationfor therelatively larger d branch sizeto
t he mai n pi pe size. It correl ated our data reasonably
wel | . However for Berkeley data and the KFK data it
doesn’t work. So Maciaszek’s correlation seens only
applicable for the |larger break side.

On the other hand, the Snoglie and the
Schrock correlation correlatedthis solidassenbly for
t he Ber kel ey data and t hese open synbol s for KFK dat a.
They group very well. The correl ation of Berkel ey and
the KFK for this small break side however it m ssed
our data. So that supported our argunent that these
two correlations nmay be too ptotic (PH) condition.

There are two approaches for nme to do.
One i s | guess superinpose this two correl ati ons, put
a paraneter before the two correl ations. That depends

on the d over d, the branch size. Nowl just feedit.
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| tried that and it was very successful. But | was
not satisfied. | think I can do better than that.

The second one was nore nmechanistic
approach but it’s not rigorous. Let’s go to the next
page pl ease. So what | did I think the velocity
di stribution along the interface can be found to form
a potential for approach. So | want to see where this
bunp’s right locationis. | expect for the potenti al
for the approach when the interface approach to the
branch t hen the nunber shoul d be equal to d. Then the
way it’s going away should approach to the point
sour ce.

CHAl RMVAN WALLIS: I'msorry. | have to
ask. Have anyone ever seen this ring wave?

DR WJ:  No.

CHAI RMVAN  WALLI S: So it's very
interesting. All these theories based on somet hi ng no
one has ever seen.

DR. SCHROCK: More than that we did see
that the liquid is sucked up as one nore or |ess
synmetric bunp. Just before the first tine --

DR. BANERJEE: Is therealittle cyclone?

DR SCHROCK: There is in the liquid for
t he downf |l ow but we coul dn’t see any such thing in the

upf | ow case.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

102
CHAl RVAN WALLI'S:  Any voracity when it’s

dragged in and stretched is nore visible. But it’'s
not really a very significant part of the nechanics.

DR. WJ: Infact this bunp was artificial.
| think it just say we’ll predict the | ocation of this
| ower pressure reading.

CHAI RVAN WALLI S: | thi nk soneone woul d do
this experinent. It’s sinply taking the vacuum
cl eaner and bringing it down on the pool and seeing i f
you get this ring. It’s very sinple to do.

DR BANERJEE: Let’'s do it.

CHAI RVAN WALLI S:  Just go home and do it.

DR WU To see the ring. | did. I
couldn’t see it because of the instability where a
break at one |[|ocation. It’s just comng from
somewher e weak point and then lashing in. So you can
not see a ring comng out uniformy honogeneously
comng up. That’s what nmy argument is. So if you
consider this v, effect.

DR. BANERJEE: So what happens? You see
al so sone weird stuff.

DR WJ It’s like Dr. Schrock said. When
t hat entrai nment outcone forns sonewhere there’'s a
conmon chunk or cone shape and goi ng upward | i ke that.

O it has sonme dispersion
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CHAI RVAN WALLI S:  That’ s because you don’t

get that stagnation point in the bottom You have a
poi nt then the velocity continues to increase and you
get | ower and | ower pressure. You have one wave t hen
you no |onger get that stagnation region in the
bott om

DR. WJ: So you go and formhere then this
side is ceded. So what are we did -- Next slide.

DR, SCHROCK: |’ve never seen this
solution for this distributed source sink conbi nati on
interns of the 2-d velocity profile. That would be
interesting to see. |'m puzzled by how you sel ect
that source sink geonetry to get sinmulation of the
flow into that branch.

DR. WJ  What | didis --

DR. SCHROCK: You have flowinto that wal l
at that source but flowout of the wall in that source
flowinto the sink in the bottom

DR WU VWhat | did is this is a
di stributed source for each finite element | treated
it as a point source. That potential flowis -- you
can superinpose all these together. That’' s your
i ntegration. Together the velocity long termof this
point. What | did with mrror source is exactly one

to -- this boundary condition wthout the crossing
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flow Sothat’s the wall. You don’t have the gas go
t hr ough - -

DR. SCHROCK: That's fine but I’ mtalking
about the flow pattern in the vicinity of the corner
on the branch line. It looks tone like it’s com ng
out of those surfaces and converging on the axis of z
sonmehow.

DR. WJ:. So you nean it’s going this way?
(I'ndicating.) |It’s merging to that.

DR. SCHROCK: | could put it nore sinply.
| would just like to see the velocity profile that
predicted by that potential flow solution.

DR. WJ.  Next pl ease.

CHAI RMAN WALLI S: | think you ought to
show that in your report.

DR. WJ: You nean this one? This is the
velocity profile on the interface.

CHAl RVAN WALLI'S: On the interface. But
| mean on the top of the pipe or the corner. It’s not
going to match the pipe very well.

DR. SCHROCK: The 2-d velocity
distribution in the view that was shown in the
previous slide is what |I’m asking for.

DR. WJ. Ckay.

CHAI RVAN WALLI S: | thi nk one coul d accept
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that if the nodel is reasonable this is not too far
from - -

MEMBER RANSOM  The one probl emyou have
t hough this is potential flowand that won’t actually
exist. There w !l actually be a fl ow separation zone
right inthe center under this pipe which basicallyis
a recirculation zone that quite changes the flow
field. Qutside of that region is probably fairly
decent.

CHAI RVAN  WALLI S: | think for the
initiation the first pickingup liquidis not so bad.
But once you get a significant wave it’s quite
different.

MEMBER RANSOM Even for a flat interface
you still get this separation zone. Flowdoesn't |like
to turn 90 degree angles actually.

CHAI RVAN WALLI S: Okay, soit doesn’t |ike
to recover pressure to the sination (PH) point. Okay,
| think we’re going to have to nove on or we’ll never
get out of here.

DR. WJ So we focused on the velocity at
the interface. Then the maxi numpoi nt you see of the
di stance of noving away fromthe center the maxi num
velocity location is nmoving away fromthis. That’s

what we expected. | just have taken the position of
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this maxi mumline and the product with respect --

CHAI RVAN WALLI'S:  This giving you your
| anbda.

DR. WJ That’s giving ne ny | anbda. So
t he nunber you see clear as they were approaching to
this dotted Iine forned this maxi mumclearly say it’s
when the surface approach to the break you can never
go into the branch so the maxi mum should be | anbda
equal to d. That’'s Maciaszek’ s approach.

Asymptotically (PH) if you go that way
then the surface goes far away fromthe break. The
surface sees the break as a point source. So it’'s
nmerges into asynptotic (PH) solution. This is the
dashed |i ne. It’s easy together wth other
i ntegration. So lanbda is proportional to the
di stance, the h,. W think this is the reason why the
KFK and the Berkeley correlations -- this power
dependence. For the Maciaszek, it’s the correlation
t hat uses | anbda equal to d.

What | can do is if | can get the exact
function of this curve, | put into the nunber there
and | can expect the correlation function better than
previous i nvestigations. However since we cannot get
anal ytical solution out of that integration so we

first tried just -- this curve. Last year when |
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presented this |I used the exponential function, that
created a lot of trouble. This year we just
sinplified it to a linear. Next please.

CHAI RVAN WALLI'S: | woul d have been | azy
and just sketched in a curve and fit it in with the
sinmplest math | could. So you' ve done areally sinple
function.

DR WJ Yes. It’'s a linear function
And this nodification is the velocity crest and the
faraway velocity. It’s not zero. W put this here
and sinmplify.

CHAl RMVAN  WALLI S: So this is an
achi evenent about bringing in this other paraneter.
You have brought together the data fromthese w de-
rangi ng experiments. Big d over d ratio.

DR WJ: Yes. And as the capital D and
lower case d so it’s all the branch size effects
consi der ed. Then we can collapse all the data
originally scattered.

DR. BANERJEE: But is k the sane for al

DR WJ Kis about 1. It’s 1.02 and ais
0.22.
DR. BANERJEE: But why does this work

because the physics is all wong, right?
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CHAI RMAN WALLI S: No, this is only on

entrai nnent. W haven't gottento slug. This is just
the glassy interface and then it leaps up into the
hol e.

DR BANERJEE: So you are sucking from
bot h si des.

CHAl RVAN WALLI S:  Yes.

DR BANERJEE: But not fromthe sides.

CHAI RVAN WALLI S: Not from the steam
generator. You' re not sucking really fromthe steam
generator, are you?

DR WJ:. This is a nodification. W have
only one side coming fromone side this is v,, the
exact velocity in the hot leg. This is crested --

CHAI RVAN WALLI'S: So you do a bunch from
com ng from one side.

DR. BANERJEE: He’s taken not v equals --

DR WJ: If it’s atw side | think this
factor should have a two or sonething |ike that.

CHAl RVAN WALLI S: So you have to do
somet hi ng about that.

DR WJ: Yes. | think that’'s the case.

DR. BANERJEE: So what is this? You | ost

DR, WU Oiginally this equation |
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presented --

DR. BANERJEE: | renenber v, is equal is
zero to begin wth.

DR. WJ. Because faraway, it’s a plane.

DR. BANERIJEE: So now you have put v,
equal to sone finite val ue.

DR WJ. Exactly.

DR. BANERJEE: But how does that -- You
phrase that into that equation as h, over d.

DR WJ.  Yes.

CHAI RVAN WALLI'S:  When you do the math,
that’ s what happens. The continuity.

DR WJ  Yes, the continuity equation.
Al so consi der the asynptotic (PH) condition. You see
when h, equal to d the pipe is conpletely dry. You
need infinite gas for rate to entrain.

CHAI RMAN WALLI S: There’s nothing to
entrain.

DR WU So your velocity has to go.
That’'s one of the thinking there too. Bot h CEA
Maci aszek correl ati on and t he KFK- Ber kel ey correl ati on
were right for their beta test conditions.

CHAI RVAN WALLI S: Even Bharathan was
probably not too far wong. He was the early worker.

DR WU The KFK data like Dr. Schrock
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mentioned it had a weird wall there and they bl ewthe
excess into the vertical pipe drain and it’s quite a
di fferent mechanism It had scattering and registered
on level with different gas velocity or with the sane
gas velocity but registered different level. Soif we
ki ck that out and use Berkel ey’ s data and our data |
think 1'm very satisfied. In reality we should
consider their data but this is just to show how wel |
when these experinments technically inproves. Next
pl ease.

That closes our entrai nment onset
correlation and now we’re going to entrainnent rate
studies. That’'s alittlebit different. Next pl ease.

For the entrai nment study the experi nent
after last year’s ACS neeting we focused this -- The
entrainnent is just a steady entrai nnent that goes
t hrough separator and -- and steady. Wth the steam
generator there’'s a gas volune there and of course
that's --

CHAI RVAN WALLI S: | think we had some
concerns about the conpressibility of the gas since
you have a transient going on. Actually as the sl ug
noves around it conpresses the gas in the steam
gener at or .

DR. WU Yes.
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CHAI RVAN WALLI S: So the conpliance of

t hat makes a difference.

DR WJ: One of the reasons | thinkis --
Let’s go to the next page. So again like |last year,
Dr. Vllis and Dr. Schrock said this sideis the steam
generator side. This side is the vessel side. W
showed t hree ki nds of patterns on the steamgenerat or
side. Oneistheoscillator rate. It has a slug back
and forth fromthe steamgenerator | ower head to the
branch. The certain region we equate a transition
regi on because that slug is not persistent and the
frequency is unpredicted occasionally have. Finally
if the qualities are really high you get arelatively
stratified wavy condition w thout touching the top.
So these are the three different flow patterns.

DR. SCHROCK: And the top one is nmuch nore
oscillatory than the others.

CHAl RVAN WALLI S: Now we have a video. It
doesn’t |l ook like potential flow (Laughter.)

DR. BANERJEE: Al so pretty frothy, you
know.

DR. WJ. Hereis clear liquid. This part
is very frothy.

DR. BAJOREK: Dr. Wi, do you have the film

on here where it slowed down? Have we been able to
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pl ay that one?

DR WJ: | think he didn’t grab into the
conputer. Do you have a CD that can play? | have a
fewfiles inside that has a large novie. It’s a high

speed nmovie so you see it clearly. W have to close
it.

DR. BAJ OREK: In the high speed
visualizations | think you can start to see a little
bit of voracity. |If you watch very closely it al nost
gi ves the appearance that when that slug is going up
into the branch Iine there is flow conmng fromtwo
sides as if it has shock around and it’s com ng up
behind the slug. So it may not be so far fetched to
| ook at this slug as having a velocity field on both
sides of it.

DR, WU I have it in nmy conputer
Because of the CD |1 gave to himseens it doesn’t work
on the conputer. He actually tried very hard
yest erday afternoon to put ny powerpoint here. | have
my novie in ny conputer and later | will show you the
hi gh speed one.

CHAl RVAN WALLI S: Wl | t he entrai nnent out
from the slug you have a nodel that predicts the
velocity of that liquid going up the branch pipes.

DR, WJ:  No.
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CHAI RVAN  WALLI S; You just have a

correl ati on or sonet hing.

DR. WJ: | have a correlation. Because of
the entrainment comng fromthe downstream side, it
nmakes sense because of the average | evel is closer to
the branch so it will pull fromthe later side. So |
used an average | evel of gas space hei ght downstream
tocorrelate. | foundit’s reasonably well. Let’s go
to the next slide.

Before | go to the nodeling last tinme |
plotted this into the fl owregi on map because t he ACS
has sonme nenbers that suggested that doesn’t apply
because the traditional fluid region map is for co-
current situation. The downstream of the branch is
virtually average gas flowrate is zero. The liquid
that goes -- It’s not a good representation

This tinme we tried Dr. Bajorek and | over
15 kinds of conbinations to how to represent it.
Eventually | could predict it. W found this is the
best figure. Quality versus the ah is the height
difference downstream and the upstream |evel
di fference. Then this is divided by the upstream
l[iquid Ievel height. | can do it divided by
downstream So it correlated sone --

CHAI RVAN WALLIS:  So when the quality is

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

114

zero we have no gas flow at all and yet the ah is 0.6.

DR WJ:. That’s the problem --

CHAl RVAN WALLI'S:  Then why is up there?

DR. WJ We wanted it com ng down because
when the -- conplete failure you shouldn’t see any
difference. Now we tried the hydraulic junp case.
The hydraulic junp case i s keep on goi ng here and t hen
it goes toinfinite because it doesn’t say the upper
wal | of the pipe, the hydraulic junp correlation. So
right nowwe are trying to -- To these bracket synbol
is stratified wavy. This should be the steam
gener at or si de.

DR. SCHROCK: Using this ah for the two
different | ocations seens like it’s the problemthat
depends on t he chance | ocati on t hat t he desi gner built
into the equi pnent if he shows a different spacing for
the instrumentation you get a different result.

DR WJ: We triedthe Froude nunber inthe
mai n pi pe for both gas and liquid. W tried the nmass
flowrate for inthe branch here. Things don't really
represent this kind of slugs.

DR. SCHROCK: You don’t have any data for
any spacing other than the one that you have in the
experi ment .

CHAI RVAN WALLI'S: Are you going to use it
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for sonet hi ng?

DR WJ:  No.

CHAI RVAN WALLI S:  You’re not going to use
it for anything.

DR WU This one is just to say the
di fference of --

CHAI RVAN WALLI S: But you’'re not going to
use it in any correlation.

DR WU No. Dr. Bajorek is thinking
about for the AP1000, the -- for we can predict when
the oscillation occurs. That woul d be nice because
the facility is subjected to these kinds of water
inmpact. We are trying and that’s not our task goa
for the entrai nment.

DR. BANERJEE: saH is the difference in
hei ght between the two sides?

DR WJ.  Yes.

DR. BANERJEE: And what is the hrx there?

DR, WU It’s the gas chanber height
of fstream on the reactor vessel side.

CHAI RVAN WALLIS: | thought ah woul d be
held up by the stagnation pressure of the gas or
somet hi ng.

DR. WJ  That’s right.

CHAI RVAN WALLIS: Not by x. What is x?
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DR WJ;. This is the monentum of |iquid
flowand the gas flow. So | used the conbi nati on and
the single of them but it doesn’t occur -- Then |
found a quality case action is greater than this.
It’s just 1, 2 -- transition ranging, this is a --
ranging at a lower liquid quality.

DR. BAJOREK: Dr. Wallis, | think the
point is that what we are trying to do here is to cone
up with a different scheme to predict when we're
getting these oscillations so that if we see themin
sonmething |ike an ATLATS or an APEX we can cone up
with a way of predicting whether they occur thenin a
| arge pi pe such as AP600 or AP1000. W’ ve | ooked at
several different ways of looking at it.

| think by inlarge with the idea that if
you have a level and the wave is |arge enough to
strike the top of the pipe you have a change fromthe
stratified regine tointermt tenancy or sone type of
an oscillating plug. 1It’s work in progress at this
point. W see sonme trends but nothing at this point
that would really give us nice sharp boundaries so
that we could use the paraneters of either an
equilibrium level in the pipe and a superficial
velocity totry to estimate usi ng code paranet ers what

type of a pattern we’'re seeing.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

117
CHAl RVAN WALLIS: | just don't like X as

a vari abl e because it gives us no flowat all with an
X.  It’s obvious that nonentum has to cone into it
physically. So it has to have sonething related to
the flowrate. So an X by itself can’t be the right
paraneters.

DR BAJOREK: It’'s showing the trend with
everything but not sonething we can really hang our
hat s on.

DR. WJ: The nodel actual ly entrai nnent of
the real nodel devel opnent based on our approach is
when X should be the actual gas chanber height is
smal l er than the entrai nment onset then you have a
entrai nnent. Then you have to predicate entrai nnent
rate. One of the basic options is the kinetic energy
of the gas should overcone the gravity head at this
part is for the -- and also the entrainnent onset
condi ti on. The excess of that goes to the liquid
kinetic energy entrained into the branch. That’ s
basi c opti on.

DR. BANERJEE: What is this? O energy
bal ance?

DR. WJ: It’s not balance. It’s just to
say that the gas kinetic energy over the entrainnment

onset condition should go to the liquid --
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CHAl RMAN WALLI'S: 1t’s a ki nd of Bernoul |

equation for flow side by side. If you take the
right-hand side and put it on the | efthand side you
have the Bernoul i equation on both sides.

DR. BANERJEE: Stream?2 containing liquid

CHAl RVAN WALLI'S:  Equal pressures at the
interface. It’s parallel streamw th equal pressures.
| think that’s what you’' re doing.

DR. BANERJEE: Right. And Ca that’s the
potenti al energy.

CHAl RVAN WALLI'S:  C shoul d be one.

DR. WJ. Cis because you take a certain
gas flowrate to entrainment. You have to go over a
curve to start the entrainment. So that represented
the entrainnment onset condition. You have to go
t hrough that curve and then start to entrain because
it’s not any gas velocity you can transfer the kinetic
energy to liquid entrainnent. That’'s easy because of
t hat consi derati on.

DR. BANERJEE: It’'s sort of a Bernoull
equation, | guess.

CHAI RMVAN WALLIS: The next one is nore
nmyst eri ous.

DR. WJ: The next one is actually just a
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nodi fication continuity equation nodification. I
repl aced the velocity with the mass flow rate by the
water fraction. There' s no mystery.

CHAIl RVAN WALLIS: Alpha 3 is a void --

DR WU If you nove this to here and
that’s actually this rho v right?

CHAI RVAN WALLI S:  Ckay.

DR. WU So you square root it that’s
because the -- velocity has a square and you have a
density -- Later we will showthat. Here |l would |like
to say howwe deci ded t hi s sane paraneter because here
| already noved it to the gas side. Wat | said is
thishif it -- thegas flowrate, if it approaches to
t he entrai nment onset | evel height, the determ nation
i nside should be zero because you don’t have |iquid
flow So that actually plug our entrainnent onset
condition into this equation. | got asynptotically
(PH) they said it should be expressed Iike this way.
So the h should be --

The ot her option here is alpha 3. There
are several approaches. Yononoto has shown for al pha
3 there’s a conical shape of liquid and then put a --
to correlate an alpha 3. Wat we did here --

CHAI RMVAN WALLI S: Let’s go back here

This bottomequationis strange. Wat’'s in the square
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root there should be the sanme as your onset of
entrai nnent correlation for predicting Wg3.

DR WJ.  Yes.

CHAl RVAN WALLI'S:  So you just take your
onset of entrainnment correlation and use C. | think
that’ s what you are doing.

DR WJ.  Yes.

CHAI RVAN WALLIS: But it’s m sl eading at
the bottom because that w,S® --

DR WJ  You do have this under a real
condition. | got it -- under the h, condition.

CHAI RVAN WALLI S:  And the w® i s under the
h, condition too.

DR WJ.  Yes.

CHAI RMAN WALLI S: That what’s confusing.

DR. SCHROCK: Coul d you poi nt out where on
t he desi gn where station 1 and station 3 are | ocat ed.

DR. WJ: Station oneis inthe horizontal
pipe. Station three is in the branches.

DR. SCHROCK: VWhere on the horizontal

pi pe?

DR WJ:. It’s at the inflow.

DR, SCHROCK: So it’s inmplicit in the
nodel . It’s symmetric half of the gas fl ow comes from
each si de.
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DR. WJ. For our case we just did it from
the one side. Fromthis side. (Indicating.)

DR. SCHROCK: The picture shows it both
sides. Are you sure you're doing it on one side?

DR. WJ: Yes, because that cones through
her e when you use the continuity equation. W use the
two arrow. |f you use the one side arrowthat’s just
the one side. But the figures are right there. (Tape
stops.) Sane from both sides.

DR. SCHROCK: That also is splitting the
flows in the station 3. Station 3 is at the nmouth of
t he break.

DR WJ.  Yes.

DR SCHROCK: So a3 is half of that or all
of that?

DR WJ A3 is the -- rate. It’s the
arrow of this pipe. Al is one side of the arrow of
this pipe. It’s one. |If both sides are noving the

lines here should be two Al.

DR, SCHROCK: Vell, it’s msleading at
| east .

DR. WJ.  That figure.

DR, SCHROCK: Maybe not right at the
worst. |I'mnot sure which it is.

CHAl RMAN WALLI S: At | east we see what
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he’ s doi ng.

DR. WJ: Let’s go to the next please. So
since we have w® then the quality is supposed to be
like that (indicating) and the w® and the w?® shoul d
equal to the whole thing (Tape stopped) putting into
the same -- There is nothing strange here. 1t’s just
t he entrai nment onset correl ation.

So this correlation is a function of the
mai n pi pe size, the onset |evel and the actual |evel
and the branch size is also a function of the density
ratio. The thing | need to nention is the -- on the
accurate estimation of h, that neans we have to use
the h, we developed. |If we use the h, of some ot her
t hen you make troubl e wi t h wor ki ng under the different
conditions. Next page.

If we see this datathis is the cal cul ated
| evel because that’s the experinment that we neasured
and this is the measured | evel. The Berkel ey data, --
use the bracket synbol is the KFK data.

CHAl RVAN WALLI'S: Excuse ne. This is a
nodel based on stratified flow type of entrainnent
rather than the slug oscillating entrai nnent.

DR. WJ. Exactly. The average |evel.

CHAI RVAN WALLI'S: This is only for the

regi mne where you don’t have slugs, is that right?
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DR. WJ:. This data was gotten from sl ug

t 0o0.

DR. BANERJEE: You use the average --

DR. WJ W used the average.

CHAI RVAN WALLI S:  Your nodel says not hi ng
about sl ugs. Your nodel has the liquid and gas
flowi ng together as in Bernoulli equation.

DR. WJ  That was the reason | said the
code cannot see the slug. It can only see the
aver age.

CHAl RVAN WALLI'S:  The nodel is based on
co-current flowof |liquid and gas using the Bernoul |
type equation.

DR WJ:  Yes.

CHAI RVAN WALLI'S:  And it’s not nodeling
any sl ugs.

DR WJ:  No.

CHAI RVAN WALLI S: But the data here
actual ly includes the slugs.

DR WJ:  Yes.

CHAl RVAN WALLI'S: Does it correlate the
slugs better than the --

DR WJ:  No.

CHAI RMAN WALLI'S: Wi ch of the slugs?

DR, WU Slug is comng out there
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(i ndicating.).

CHAl RVAN WALLI S:  Ckay.

DR WJ It doesn't correlate that well
here for the slug but -- everything together. You see
t he KFK data correl ation di fferent upon Dr. Schrock’s
Berkel ey data. You cannot m x them together. But
this correlation is doing some work about that to
group all the data together. If we see in the JAERI,
t he Yononoto correlation it seens they can do sinmilar
wor k but shifted.

CHAI RVAN WALLI'S:  This is funny. You're
not predicting entrainnent rate. You' re predictingh
over d.

DR WJ:. Using the quality.

DR. BANERJEE: The quality which you know
you’ re wor ki ng back towards h over d nust have been.

DR. WJ: Yes. Because that’'s the reverse
way when we were doing the experinent.

DR. BANERJEE: This is the process --

DR. WJ: Yes, we get the quality working
back to the |evel.

DR BANERJEE: This h is what h?

DR. WJ. It’s actually the downstream but
if all the data KFK and t he Berkel ey because there is

no difference. They had a very stratified. Berkeley
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data is right under the branch their w ndow really.

DR. SCHROCK: | don't think that’s true.
There are three w ndows, one at the break, one
upstreamand one downstream You could in fact see a
di fference between the | evel s upstreamand downst r eam
That’s not a part of the correlation, the data that
was presented, but it was evident in the data.

I’m still troubled with this (Tape
stopped) seeing of different things here. In our
experinments both the gas and the |iquid fl owed t hrough
t he apparatus (Tape stopped) just at the end. Then
we're looking for a branch flow which begins to
entrain the liquid. The through fl ownever stops when
you begin taking if off the branch |ine.

But you have a nodel here which is
different conceptually from the flow pattern that
exi sted in our experiment and the KFK experinment.
Putting it all together and it comes out | ooking |ike
one shoe fits all. [It’s troubling to me. | don't
understand the definitions of the terms in the
equation. | don’t understand presenting engi neering
data where the variables in the equation are not
clearly identified in terns of the diagramthat the
equation purports to represent.

CHAI RMVAN WALLI S:  So you have to begin at
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t he beginning. What do each of these things nmean?
Where do you i magi ne themin that diagran? Then nake
the argunment from there and there has to be sone
continuity inthe flowpatterns that are put together
in one correlation. | don’'t think you can just take
any assortment of flows from both directions, flows
fromone direction, through flow, with the |linkage of f
t he branch |i ne and what ever and expect that they are
all going to make sense when you amal gamate i nto sone
kind of a correlation. Wy don't you tell us what h
is?

DR WJ: Let’s start fromhere if | can.
Remenber when we tal ked about the third acti on (PH) we
say that the velocity under the crest that is
responsi ble fromthere to entrain liquid out of the
wave. So that actually is supposed to be the velocity
under the interface of where is the maxi mum

CHAI RVAN WALLI S: But then which is the h
fromyour experiment that you used?

DR WJ The h in our experiment is the
downstr eam case.

CHAl RVAN WALLI S:  Downstream of --

DR WJ: It’s on each end or at the side
because it’s closer to the break.

CHAl RMVAN WALLI S: O course over there
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(Indicating) there isn't any v,° or v, .

DR WJ:  No.

CHAl RVAN WALLIS: So first thing you're
doing is particular. You' re taking the velocity as
oxygen com ng i n and goi ng out but then the h you are
using is in the dead | eg where there isn’'t any flow.
Is that right?

DR. WJ: Yes. The way the -- wash back
because that | evel is actually closer to the branch so
t hat entrai nnent woul d occur at the level where it’s
closer to it.

CHAI RVAN WALLI S: So the h you put in
virtual plot and then you conpare data is the steam
generat or side h.

DR WJ:  Yes.

CHAI RVAN WALLI'S: Which sonmetines is the
whol e pipe, isn't it? Sonetinmes it’s d.

DR WJ: No. Well on average.

CHAI RVAN WALLI' S: On average sonetines it
goes back and forth.

DR. BANERJEE: Wiy don’t you redraw this
figure because it’s very confusing? | nmeanit’s hard
to follow what you are doing.

CHAl RVAN WALLI S:  You nean drawit to | ook

like the reality.
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DR. BANERJEE: Yes.

CHAI RVAN WALLIS: That’'s the object of
witing equations. |If you don’t draw a figure you
could say well this is Bernoulli equation and can’'t
figure out where all the terns cone from

DR. SCHROCK: When you grade t he honewor k
what do you do with the paper that gives equations
with a ot of subscripts and a diagramthat doesn’t
show the quantities that are in the equation? | don’t
spend too nmuch time with that nyself.

CHAI RMVAN WALLI S: The students say you are

unfair.

DR. SCHROCK: It may be.

DR. BANERIJEE: But | think you should
explain plane 3 and plane 1. Because if you

understand you plane 1 is to the right-hand side here,
right?

DR WJ.  Yes.

DR. BANERJEE: Then plane 3 is crossing
the entrance to the pipe facing vertically, right?

DR WJ.  Yes.

DR. BANERJEE: Nowthat first equationis
really the crux of everything. Everything el se
follows fromthat.

DR. WJ. Exactly.
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DR. BANERJEE: So one nust justify witing

t hat equationin terns of sone formof a bal ance. You

can’t just pull it out of your hat.

DR WJ.  Yes.

DR. BANERJEE: It’s not clear. I f you
wote it like a Bernoulli equation you still need to

put down all the ternms and say which ones you are
going to neglect and stuff like that. At the nonent
there seens like there is Bernoulli termwhich woul d

be p,v, d* that you are getting rid of as | see it.

93
CHAl RVAN WALLI' S:  But you can’t deduce it
fromthe figure.

DR. BANERJEE: What ?

CHAI RVAN WALLI'S: | think you have to do
it by hand waving. | can't inmagine a figure --

DR.  BANERJEE: Then you can throw out
sonet hi ng.

CHAI RMAN WALLI S: H s argunent was a
qualitative one in saying here is the pv® which is
available to b gravity and therefore it provides
another pv®. That was a qualitative argument.

DR BANERJEE: But you then have to say
okay I'm going to neglect the gas phase going into
t hat pipe or something. It has to be done properly.

CHAI RVAN WALLI' S: | think your assignnent
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for after lunch is to cone back with a figure which
shows how Bernoul i’ s equation for a particul ar shape
of interface is related to that equation you have
there. That is the problemwe have is. W don't see
howit’'s related to any kind of a flowsituation or an
i nterface geonetry.

DR WJ. 1'I1 try.

CHAI RVAN WALLI' S: Do you think you can do

DR WU | don’t think | can do the
reverse one because this is the political argunent to
say the existence of the kinetic energy of the gas
partially goesintotheliquidbecause the air pointed
toit and partially goes tothe gas itself too because
it’s still noving.

| don’t know what the factor is there |
put proportional constant is there so that’s ny
argunent there. The equation of kinetic energy has to
be for the gas kinetic energy.

CHAI RVAN WALLI'S: Vg, is the velocity in
t he mai n pipe.

DR WJ.  Yes.

CHAI RMVAN WALLI'S: Soif | had the original
experiment nmodel you had with the pool wth an

infinite space there would be no Vg,. But | could
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still get a Vf,.

DR. WJ Al this is compiled --

CHAI RVAN WALLI S: This wouldn’t work
t hough for --

DR WJ:. For an infinite --

CHAI RVAN WALLI S: For the picture you
dr ew.

DR. BANERJEE: Yes, you negl ected Vg,
rule 3 Vg, and maybe it nmakes no difference. But |
t hi nk you should do as an energy anal ysis.

CHAI RMVAN WALLIS: | thinkit’s nuch bigger

t han Vg,.

DR. BANERJEE: | would be greater than
Vg,.

DR. WJ If there is gas going out here,
it still carries sone kinetic energy but part of it is

being transferred to liquid and | don’t know what it
iS.

CHAI RVAN WALLI'S: | think if you had a Vg,
in that equation then you could justify Bernoulli’s
equati on because they both conme from sedation (PH)
conditions inthis parallel flowand | think you could
justify that equation. But there’s no way you coul d
justify with a Vg, with Bernoul li.

DR WU The reason why | did this is
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because of the original entrai nment onset i s based on
this. That’ s the bl owover surface velocity certainly
-- start to entrain. So if | put it this side as
zero, that’s the entrai nnent onset.

CHAl RVAN WALLI S: So your initial nodel is
based on the Vg, lifting up.

DR WJ: | can work it that to the --

CHAI RVAN WALLI S: If you put a Vg, in
t here you could justify that equati on on the basis of
2 parallel Bernoulli equations.

DR WJ | tried. So then here it doesn't
wor K.

CHAI RVAN WALLI'S:  But Vg, is inside the

squar e root.

DR WU Because of the continuity
equati on.

CHAl RVAN WALLI S:  Yes.

DR BANERJEE: But Vg, is related to Vg,.

DR WJ.  Yes.

CHAI RVAN WALLI' S: | think you shoul d have
Vg, there and then it wll work out and you can
satisfy everybody with a picture. Youw Il still get

t he sane equati on.
DR WU But here will be entirely

di fferent.
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DR.  BANERJEE: Use the ratio h, to

what ever .

CHAI RVAN WALLIS: | think the way out of
your problemis to use Vg;in that first equation and
justify it by drawing a picture and | think if I were
hired as a consultant | could tell you how to do.
(Laughter.)

DR WJ Dr. Vallis, | did that. Down
here woul d be --

(Di scussion off m crophone.)

CHAl RVAN WALLI S: Ckay, we have to nove
al ong.

MEMBER RANSOM  There’s sonet hi ng about
this that bothers nme though. |In the picture you’ ve
shown of the periodic slide noving back and forth and
entrai nnent occurs each tine the slug filled up the
pi pe, entrained up the pipe, there’s no relationship
to the nodel. Again it’'s like getting the right
answer for the wong reason.

So | think youreally have to address sone
of these ot her problens | woul d thi nk when you observe
it. If this nodel does fit in the end and it does
satisfactorily explain once you take i nto account the
real physics of what is going on in the process then

it would be okay. But | don’t see that | guess.
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CHAI RVAN WALLI S: Vell, | think he's

telling us that the data poi nts which agrees nost with
the theory are the ones where you have stratified
flow. You gotothe next figure. | think you told us
t hat the points that are nost on the line are the ones
where you had a stratified flow, right?

DR WJ.  Yes.

CHAI RVAN WALLIS: Next one. So you said
that the red points on the right there are the high
points. Those are the slug points. And the theory
does best on the red points up there which are
stratified. 1Is that right?

DR WJ.  Yes.

CHAIl RMVAN WALLIS: So it’s just sone | uck
that it was nore or less stratified but it was best
for reginme which is nost |ike the math.

DR. WJ. Yes. | have nmade an expl anati on
for that.

(Di scussion off m crophone.)

DR. WJ  The ways | i ke you nenti oned when
sl ug conme actual ly entrai nnent starts and when slugis
down then there’s no entrainment. W tried to average
it wththe average | evel represented inthis process.
Definitely you can average the level but the nature

between the quality is not -- superinposed on the
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| evel .

You cannot just say that’s the average of
that. So nmy dilemma is that to develop a correlation
wi t hout conducti ng t hese sl ug aut henti cat ed
frequencies that’s the code not permtting these
paraneters just to say the average. We do that. This
is the choice | have. Unless if you give ne the
perm ssion toreally put the slug -- inside. | think
| can do nmuch better job.

DR. BANERIJEE: But you would have to
cal cul ate that frequency as part of the problem It
probably can be done but you would have to --

CHAI RMVAN WALLI S: It would be system
dependent .

DR. BANERJEE: It would depend on the
whol e system Because you can i nagi ne i f you have now
the ADS valve or sonething that the back pressure
which is set up and al so some feedback. So if as Vic
says the slant is oscillating back and forth that
frequency mght depend on a whole |ot of system
paraneters that arereally quite different fromyours.

DR SCHROCK: You also have to have a
nodel which nore or less ad hoc and it seens to work
and it’s satisfying because it seens to work. | t

| eaves you with the problem of just finding its

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

136

scalability to the reactor geonetry. How are you
going to deal with that?

DR WJ;. M argunent is because the KFK
dat a and t he Berkel ey datais very different geonetry.
And also for Dr. Schrock’s data it has air-water and
steam wat er dat a. If the correlation can do a
reasonabl e good job for all this data | guess that’s
how you eval uat e and check on the scaling capability.

DR. BANERJEE: But in the case that let’s
say h/d is of the order of 0.1 or 0.2 or whatever
there then your slug data is run by a factor of 2 or
nor e.

DR WJ:  Yes.

DR BANERJEE: That's evident.

DR. SCHROCK: In the scaling argunent |
t hi nk you brush over to --

DR WU If you go through the other
correlation maybe you will start to appreciate this
work. The other correlation -- Next page pl ease.

CHAI RVAN  WALLI S: | think the nore
fundanental question here is that you take your flow
rates and then you neasure h and conpare with a
cal cul ated h.

DR WJ:  Yes.

CHAI RVAN WALLI S: What the code is going
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to do is you're going to calculate some h's and
predict flow rates.

DR WJ.  Yes.

CHAI RVAN WALLIS:  It’s not clear to ne
t hat when you ask the code to that it’s going to do a
good job of predicting flow rate.

DR. WJ: Infact this correlationis using
-- calculated X and we actually tried to go back
because our quality expressed in our experinent and
downward nmeasure to h. So it’s better doing it that
way than what we are doing. W need interaction to
find that h but for the real case using h is straight
forward expl anati on.

CHAI RVAN WALLI' S:  But nobody is trying to
predict the flow out the break out the ADS I|ine.

DR WJ:  Yes.

CHAI RVAN WALLI'S: | think you have to ask
how good a job it does of that using whatever nethod
you eventually cone up wth.

MEMBER RANSOM One ot her aspect that Dr.
Banerj ee brought up a whil e back and Dr. Schrock agai n
with the scaling issue is that clearly under the
stratified case the nechanismis one of entrainnent
where dropl ets are fornmed and entrai ned inthe outfl ow

so you t hink there shoul d be sone Weber nunber effects
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in this. It would be nore satisfying if that were
i ncl uded or shown to be small.

DR.  BANERIJEE: You know | don’'t know
because if | recall the data what was happeni ng was
that you were getting these slugs and |iquid com ng
out of the -- I"'mtrying to renenber the data of ROSA
or whatever those facilities were. 1t was chuggi ng
al ong. So there was obviously quite alot inportance
to these slugs and they nmust be sonmehow dependent on
t he dynam cs of the systemand the |ines.

In the regi me where you don’t have sl ugs
your nodel seens to be nore dependable. \here you
have slugs it may still be dependabl e but you have
work a little harder to do it.

CHAl RVAN WALLI S:  \What ever the nodel is
it’s better than anything else. It’s better than
t hese guys here.

DR. SCHROCK: But nowin turn you have to
have the data to fit of the justifying the scaling
probl emon t he basi s that you' ve conpared all of these
avail able things. Al of them have upstream pi pes
that are on the order of six inches in dianeter, every
one. What's varied is the branch |ine dianeter.
There’s nothing in the database that tells you

anyt hi ng about the physics of this sort of entrai nnment
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out of the big pipe.

CHAI RVAN WALLI' S:  But your Weber nunber
is going to be nuch higher.

DR SCHROCK: Right.

CHAI RVAN WALLI S: Surface tension is
lower. Velocity is higher versus density’s higher
Weber nunbers. Mich higher.

DR.  SCHROCK: | think you do need a
reasonabl y physi cal | y based nmet hodol ogy t he strengt hen
t he scaling argunents that you have to provide in the
end | don't see how you get them out of this
especially with these differences one directional
flow, two directional flow, through-put of the gas in
sonme of the experinments, not in others. But then all
of the data being pulled together.

CHAI RVAN WALLI S: All we need is a
perception that relates this work to the real problem

DR SCHROCK:  Yes.

CHAl RVAN WALLIS: Up front. It shows what
the differences could well beinthe real system But
you’ ve obviously nmade sonme progress. Your nodel
whatever it is is nuch better than these other ones
her e.

DR. WJ. Yes, it’s sinple nodel. It’s

j ust excessive kinetic energy of the gas probably goes
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toliquid. Dr. Banerjee s comments about the system
dependent oscillation, we did sone identifiable
calculations and they did not find caused actually
caused sone of this oscillation. It’s actually -- we
didn’t present this part because it’s not part of our
work yet to want to save this code. How we can use
our correlation later with the code.

Then the code is duly tine step very short
actually predicted this two Hz to four Hz oscillation
down stream side. So obviously they pick up
i nst ant aneous hei ght and -- entrai nment. The downsi de
of the cushion of the gas conpressor benefit didn't
find it or could pick up. Before our experinent we
had to rely on the average neasurenent. W coul d not
get an instantaneous --

CHAl RVAN WALLI'S: | think the frequency in
t he experinment, It was just an experinment, is related
to the transient tine of the slug in the ADS |i ne.

DR. WJ: Yes. So maybe the quality of the
entrai nnent nodel if it’'s correct then it can match
this oscillation by the code itself.

DR. BANERJEE: You're able to nmeasure the
frequency.

DR. WJ:. Sure. W did the step anal ysis.

DR. BANERJEE: It’s just that the way you
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are doing your experinment, you find the average
entrai nnent rate because you run it essentially to
steady state. Right?

DR WJ. Yes sir.

DR. BANERJEE: But if you wanted to you
could actually find all therate velocity becauseit’s
com ng out into the chanber, right?

DR WJ:  Yes.

DR. BANERJEE: Qut of a relatively short
pipe. |If I remenber your diagram

DR WU Yes. The oscillation for
downstream and the quality there’s a real tinme -- |
assune it’s also oscillating.

DR. BANERJEE: But you don’t | ook at the
quality in that particular pipe?

DR WU Because it’s not the average
actual ly here.

DR. BANERJEE: But if you |l ook at that,
then find the oscillation.

DR WU So you nean neasure the
i nstantaneous gas line the liquid flow rate through
the liquid that flows in the branch.

DR. BANERJEE: |’ mnot even sayi hg nmeasure
t he i nst ant aneous gas. You coul d probably nmeasure the

liquid flow rate without too much difficulty com ng
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out as a function of tine.

DR WJ If you use -- catch tinme it’s
going to settle down and we use a --

DR BANERJEE: Think about it.

DR. WJ: Think about how you can get an
i nstant --

CHAl RVAN WALLI'S: It’s not trivial. You
have actual |y a hydrostatic head i n that pi pe and when
it’s full of liquid you have a higher pressure so it
has to cone fromsonmewhere. So you have to conpress
your gas in reactor vessel.

DR WJ: So you nean the injection.

CHAl RVAN WALLI S: It depends upon the
conmpl i ance of that --

DR BANERJEE: It’s a systemeffect.

CHAI RVAN WALLI'S: | think we shoul d nove
away fromthis. W’ re not going to get anywhere with
it today because there are nmany parts of the system
that are affect it.

DR. BANERJEE: But the whole systens
affects that.

CHAl RVAN WALLI'S: O course. | think we
ought to finish up wth your presentation of
entrai nnent rate nodel. W' Il go to |unch and then

your assignnent is to cone back with a believable
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duration of Bernoulli’s equation.

DR BANERJEE: Then you can wite that
equation as a transi ent nodel.

CHAI RMAN WALLIS:  So can we nove on?

DR. WJ: Next page pl ease. This shows you
we put all the available data in the originally
di fferent equations to make that. That gi ves you nore
appreciated to the work we did.

DR BANERJEE: How does h over h, one
t here?

DR WJ;. That’'s the only correlation is
like that. Although we don’t mx it because that’s
unfair to do the conpari son.

DR. SCHROCK: Hi storically people got
started this data with the coordinates flipped from
the general practice if you want the independent
variable on X axis and dependent on the ordinate.
This is the other way so it’s not as though h over h,
i s dependent on quality. It’s quite the opposite. So
getting nunbers up there --

CHAI RVAN WALLIS: That's a really good
experi nment .

DR SCHROCK: \What ?

CHAl RVAN WALLI'S:  They fixed the quality

and they made it h

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

144

DR WJ: In the variable it’s eval uating
tothe correlation they presented it another way so we
followed that. | wll change it back.

CHAI RVAN WALLIS: Wbuld they just be hy
because you’' re using the h downstream near the down
gener at or side?

DR. WJ:  No we used the upstream side as
getting worse because the level is |ower so the gas h
i S even worse.

CHAI RVAN WALLI' S: Which is h then? Which
h are you using?

DR. WJ:. This is the same on the steam
gener at or side downstream si de.

CHAI RVAN  WALLI S: It’s just getting
hi gher.

DR. WJ  Actually it’s the gas chanber.
So the level is higher and h is smaller.

CHAI RVAN WALLI S:  Smal | er.

DR. BANERJEE: | guess this is a very
confusing slide because what you' ve put as
nmeasurements right. The red dots are neasurenents.
And the hy you're using there is actually predicted by
sone correl ation.

DR WJ.  Yes.

DR BANERIJEE: Not your neasured h,.
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Because i f you neasure hy,, h over h, can never be nore
than one. So it’s not a nmeasured val ue of h over h,.
hy is a correlation.

DR SCHROCK: That’ s right. And the
questionisis it the same for all these data points?

DR. BANERJEE: | don’t want you plotted.

CHAI RMVAN WALLI'S: So nmaybe we can just
nove on. There’'s not nmuch to this figure.

DR BAJOREK: Now wait a m nute.

CHAI RMAN WALLI S: | don’t think he’'s
tal ki ng about this figure anynore. Let’s nove on.

DR WU Now the summary database
i mprovenent, the new database focused solely on the
previous i nvestigationof liquidentrainment i nupward
or vertical branch of the horizontal pipe. W do have
all the branches’s orientation data and we digitized
it in case |later as we needed that we could sort it
out for each nechani smas Dr. Schrock nenti oned. They
have to be categorized into different mechani sns.

The second entrai nment onset experi nment
the injection fromthe vessel top did not have mnuch
effect on entrainnent onset correlation but it does
show a systematic shift on kinetic differentiated
results. Under the data sanple rate for the liquid

| evel probe was appropriate for the duration to an
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error greater than four m nutes.

Next pl ease. In the entrai nment onset
nodel devel opnent, it sinplifiedthe correlation from
the -- and considered gas velocity effect in the main
pi pe. The new nodel agreed with avail able test data
of different geonmetry, scale and Floude properties
within 20 percent of the -- It's a linear scale. |If
you go back to the other presentations that are
public, they use log scale and thisis alinear scale.
They thought the |og scale could be even better --

Interns of rate we tested -- with a steam
generator. They found oscillatory and transition and
stratified way to fl ow downstreamthere. W triedto
predict the onset but that’s extra work though.

CHAI RVAN  WALLI S: You don’t change
anyt hi ng downstream You just took your scal ed pipe
and scal ed steamgenerator and say what happens if we
make that pipe twice as |ong or anything.

DR. WJ: No, we did for entrai nment onset
we did the -- variation but we didn’t vary on the --
it’s the scaled to --

DR. BANERJEE: It’'s scaled to APEX right?
It’s not scaled to AP600 in any sense.

DR WJ:. It’s the same on the APEX

DR. BANERJEE: But based on sone i dea of
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scal i ng.

DR WJ: Yes, so the Froude nunber that
Dr. Zuber originally proposed that was under the boi
fraction in the vessel and all this. And entrai nment
rate nodel devel opnent --

CHAI RVAN WALLI S: The si npl est thingto do
is to close off the pipe and throw away the steam
generator and close the end of the pipe and see if it
makes any difference. But you haven’t done anything
like that. You take off the bend and then everything
and left it.

DR WJ | didit.

CHAI RVAN WALLIS: You did it?

DR WJ | didit a year before. That’s
the year | presented all these conbinations.

CHAI RVAN WALLI S: What happens t hen? Does
that give us correlation or sonething different?
There i s nothing in your theory that says that thisis
st eam gener at ed. Not hing in your theory that says
what’ s downstream of the vessel or the break. There
is nothing that says what’s on the steam generator
si de.

DR WJ At that tinme -- distorted the
scaling. There were a thousand totally different --

CHAI RMAN WALLI S: It would interesting
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t hough to see if that data fromthe distorted scale
fits your theory or not. Because your theory says
not hi ng about what’s on the right-hand side or the
st eam gener at or si de.

DR WJ: | will look in that.

DR BANERJEE: The slug frequency wll
change because the conpliances will change.

DR WJ.  Yes.

DR. BANERIJEE: And you find the slug
frequency changes?

DR WJ.  Yes.

CHAI RVAN WALLI S:  There woul d be no sl ugs
if you cl osed the pi pe. They have nowhere to go. The
sloshing. But it wouldn’t be up and down i n t he steam
gener at or.

DR WU No. That’ s because of the
cushi on space and we don’t have the cushi on space |’ m
sure. The proposed nodel based on the ki netic energy
bal ance approach basically is the excess of kinetic
energy over the entrainment onset condition partly
goes to liquid. That’s ny basic option there. The
option is not a rigorous derivation.

DR. SCHROCK: You’'re defining the excess
as the total kinetic energy of the gas upstream

CHAI RMVAN WALLI S:  B,.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

149
DR SCHROCK: B,.

DR WJ.  Yes.

DR. SCHROCK: And as Dr. Wallis pointed
out, B, is in fact going to be higher so there's
really a deficit of kinetic energy not an excess.

CHAI RVAN  WALLI S: B, is really nmuch
hi gher. | think sonething has to be done about that
nodel .

DR.  BANERIJEE: You have to wite it
properly.

DR WJ:. Okay. |I’Il think about it over
 unch and see what | can do. Under the mechani sm
the nodel predicted a trend of different data sets
wi th reasonabl e accuracy i nproved conpared wi th ot her
correlations. However it has hi gher scattering under
t he slug oscillation.

CHAI RVAN WALLI S: Is it your job to
consi der whether or not the nodel is adequate for
representing pressurized water reactors? Is that part
of your job description?

PARTI Cl PANT: That’ s us.

CHAI RVAN WALLI S: That’s you. So we need
a whol e new presentation that says the vapor nunbers
and t he mechani sns descri bed here are appropriate and

everything. Systemeffects are |ike that.
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DR. BAJOREK: One of the next things that

we are going to have to do with this is to take this
and this scaling which is one for one with paybacks
and show why this nodel, these npdels and these
effects would not present in something like the
AP1000. The | over d between the branch |ine and the
steam generator was preserved in your facility and
also in APEX so that link is still in there in the
dat a but we have a | arger di aneter of course which the
AP1000. It is not clear that you are necessarily
going to get the sane fl ow patterns devel oping in the
AP1000 and the ATLATS type facility. W still haveto
make that branch.

CHAl RMVAN WALLI'S: So that’s anot her story
we're going to hear sonme ot her day.

DR, BAJOREK: Yes.

DR. BANERJEE: But APEX if | recall was
the nost poorly scaled from the viewpoint of the
scaling study we did. W found that it wasn't, the
hei ghts were not correct. It was a disaster in some
cases. | have to go back and | ook at it. But scaling
it to APEX is not really telling you too nuch about
AP600 or AP1000. If these tests give you sone
i nformati on which is nore general, you can al so show

t hat you can predict what happened in ROSAin terns of
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this or whatever it was call ed.

DR. BAJOREK: ROSA and SPES wer e t he ot her
t wo.

DR. BANERJEE: Yes, SPES was nmaybe al so a
little atypical because the lines were too small.

DR BAJOREK: It’s good for the early
parts --

DR BANERJEE: Yes.

DR. BAJOREK: Not really where this one
lies.

DR. BANERJEE: ROSA was good. That was
really very good. So it predicted what was happeni ng
in ROSA then you got sonething a little bit nore
general. You have to structure sone nore.

DR. BAJOREK: That's a good poi nt because
t hose di aneters were | arger than ROSA so there m ght
be sonething to gain there

CHAI RMVAN WALLIS: Are we ready for your
presentation, Steve?

DR, BAJOREK: Yes.

CHAI RVAN WALLI S: Thank you very nuch
That was very interesting. | think we have to have
lunch and then come back and say how we respond
because our job here is to add value to the work in

sonme way. So | think we should probably do it after
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[ unch or do you want us to do it before we go to
| unch?

MR, ROSENTHCOL: | would |i ke Steve to get
his comments out while it’s still fresh in our heads.
Havi ng done that we can squeeze out this afternoon’s
wor k by maybe an hour where 1'd |like to not squeeze
the rest of the afternoon by nore than an hour. So if
we could let Steve speak, go to lunch, put your
t hought s together, discuss these issues for no nore
t han an hour and then --

CHAl RVAN WALLI'S: It mght be briefer |
t hi nk based on what we heard t oday hear certain things
t hat we found acceptabl e, certai n things we think need
to be inproved or fixed.

MR. ROSENTHOL: So we’ Il just pick up a
hal f hour.

CHAI RVAN WALLI'S: | think this m ght just
be alist of five or six things. | think that in the
l ong run the consultants onthis commttee my want to
go back, read the reports and see what the basis of
sonme of this work is that we did come across today and
gi ve you sone critique. That won’'t happen today. O
course you have a lot of our response from the
transcript that we don’'t need to repeat. Ckay, Steve.

Wiy don’t you go ahead?
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DR. BAJOREK: VWhat | wanted to talk

briefly on and this wll take me about 10 or 15
m nutes i s where we go fromhere. Wat are our pl ans
over the next six to a year? |It’s very clear that
there’ s a whol e heck of a lot of things that are going
on in this data.

W see that the nodel devel opnent and
anal ysis of this data continue to try to come up with
better nodels as we saw the nodels that Dr. Wi has
conme with seemto do a better job for things which are
hori zontal stratified, where the slugging, the basis
is at | east weak at this point. But we see this as a
significant step in the right direction.

It seens to do a better job than other
correlations that we mght want to apply for this
hori zontal stratified branch |ine type of geonetry.
Whether it’s luck or not, the nodel and correlations
seemto do a good job not only for the ATLATS data but
for other data sets. W don’t understand exactly how
at this point but it seens though this is an
i mprovenent .

CHAl RVAN WALLI'S: Did you conpare it with
APEX dat a?

DR BAJOREK: No, not yet.

CHAl RMAN WALLI'S: Isn’'t there other data
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